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1)k. Fletcher Pearre Veitch, 1868-1943 




FLETCHER PEARRE VEITCH 

The death on October 15, 1943, of Fletcher Pearre Witch, Collaborator of the 
Bureau of Agricultural and Industrial Chemistry of the United States Department 
of Agriculture, marked the passing of one of the country’s outstanding agricultural 
chemists. His 44 years of public advice, including 7 with the State of Maryland and 
37 with the U. S. Department of Agiieulture, gave him a wide and comprehensive 
knowledge of the chemical problems in the agricultural field. 

Dr. Veiteli was born on May 22, 1808, in Baltimore, Maryland, fie spent his 
boyhood days on a typical Maiyland farm, married a- Maryland girl, and lived in 
Maryland all his life. He experienced the joys as well as the woes of a country lad 
in helping to market the products of his family’s farm, which was 25 miles from 
Washington, D. 0. Those* 25-nnle rides on a spiingless hay wagon drawn over a 
lonely flint-stone road bv a 4-horse team trained him to think through his problems 
in a constructive way, a trait that characterized him as long as he lived. 

After obtaining nil the schooling available in his home community, he attended 
high school in Washington and later the Maryland Agricultural College (now the 
University of Maryland), where he was graduated with the B.S. degree m chemistry 
in 1891. lie received the M S. degree from (leorge Washington University in 1899 
and had as his instructor in that institution the late Dr. Harvev W. Wilev, the 
exponent of the “Pure Food" laws. In 1913, the University of Maryland, in lecog- 
nition of his many contributions to science, conferred upon him the honorary degree 
of doctor of science. 

Dr. Veitch’s professional career began in 1891 w hen he started woik as an assist¬ 
ant to Dr. Milton Whitney, the famous soils expert w ho was then connected with the 
Maryland Agricultural Fxpeiiment Station. He advanced to various important 
positions in that institution, ventured into private industry as chemist and super¬ 
intendent of a fertilizer company for a period of two years, and joined the United 
States Department of Agriculture in 1901. His advancement in the Department was 
rapid from soil scientist to Chief of the Leather and Paper Laboratory, Chief of the 
Industrial Farm Pioduets Reseatch Division, and Chief of the Naval Stores Re¬ 
search Division, where he was serving when he retired from active duty on May 31, 
1938. Because of his many years of experience in the industrial utilization of agn- 
cultuial products, he was retained as a Collaboratoi in the Bureau where he worked 
until his death. His icsearch activities covered rosin, turpentine, fertilizers, soils, 
hides, leatheis, tanning materials, textiles, paper and other subjects, and the results 
of his researches have been reported on under more than 200 titles and have ap¬ 
peared in numerous scientific, technical, and trade publications, and m Department 
of Agriculture circulars and bulletins. His vision was largely responsible for the 
establishment of the Department’s Naval Stores Station near Lake City, Florida, 
where research on a pilot-plant scale is conducted on turpentine and rosin. 

Dr. Yeitch was not only a contributor to science, but he was also an able admin¬ 
istrator of scientific work and of the many people who worked under him He was a 
member of the American Chemical Society, the American Association for the Ad¬ 
vancement of Science (follow), the International Society of Leather Trades’ Chem¬ 
ists, and many other organizations. For many years he had been active in the Asso¬ 
ciation of Official Agricultural Chemists, serving as Vice-president in 1921 and as 
President in 1922. He also served as Referee on Soils in 1902 and 1903, as Referee on 
Tanning Materials and Leather from 1907 to 1923 (except the year 1915;, and as 
Referee on Naval Stores from 1924 to his retirement. He was a man with a very dis¬ 
tinct personality and believed in hewing to the line of the right icgardless of where 
the chips fell. His hobbies were gardening and hunting. He loved his home and his 
family, and he w ill be missed by a host of friends. 


C. F. Speh 



ROBERT HAY KERR 


Robert Hay Kerr, for 23 years Senior Chemist in charge of the Meat Inspection 
Laboratories Section, Meat Inspection Division, formerly of the Bureau of Animal 
Industry but recently transferred to Livestock and Meats Branch of the Food Dis¬ 
tribution Administration, died July 10, 1943, at Hyattsville, Maryland, after an ill¬ 
ness of several months. 

Mr. Kerr was born in Emporia, Kansas, September 18, 1881, the son of George 
W. and Mary E. (Ellington) Kerr, and was reared on a farm. He attended Oklahoma 
Agricultural and Mechanical College, where he received the B.S. degree in chemistry 
in 1903, and later he had two years of advanced work in chemistry at George Wash¬ 
ington University. 

From 1903 to 1906 Mr. Kerr was Assistant State Chemist at Maryland Agricul¬ 
tural College (now University of Maryland). On January 22, 1906, he entered the 
U. S. Department of Agriculture as Scientific Assistant in the Biochemie Division 
of the Bureau of Animal Industry, but that same year he left the Department of 
Agriculture to serve as chemist in the Lazaretto Guano Works, Baltimore, Maryland. 
The next year he returned to the U. S. Department of Agriculture and reentered the 
Bureau of Animal Industry, where he was engaged for many years in various phases 
of work in connection with fats and oils. He was placed in charge of the Meat In¬ 
spection Laboratories Section of the Meat Inspection Division in 1920, which posi¬ 
tion he held at the time of his death. He served for a number of years as Referee on 
Meat and Meat Products for the Association of Official Agricultural Chemists. 

Mr. Kerr is survived by his widow; a son, Captain George M. Kerr, of the 
Veterinary Corps, U. S. Army; and a daughter, Mrs. Marian F. Henderson. 

H. R. McMillin 



PROCEEDINGS OF THE FIFTY-EIGHTH ANNUAL 
MEETING OF THE ASSOCIATION OF 
OFFICIAL AGRICULTURAL 
CHEMISTS, 1943 

The fifty-eighth annual meeting of the Association of Official Agricul¬ 
tural Chemists was held at the Statler Hotel, Washington, D. C., October 
27 and 28, 1943. 

The meeting was called to order by the president, J. Walter Sale, Food 
and Drug Administration, Washington, D. C., on the morning of October 
27, at 10:00 o’clock. 


OFFICERS, COMMITTEES, REFEREES, AND ASSOCIATE REFEREES 
OF THE ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS 
FOR THE YEAR ENDING NOVEMBER, 1944 

President 

G. G. Fraby, State Chemical Laboratory, 

Vermillion, S. D. 

Vice-President 

J. O. Clarke, U. S. Food and Drug Administration, 

Chicago 7, Ill. 

Secretary-Treasurer , Emeritus 

W. W. Skinner, Bureau of Agricultural and Industrial Chemistry, 
Washington 25, D. C. 

Secretary-Treasurer 

Henry A. Lepper, U. S. Food and Drug Administration, 

Washington 25, D. C. 

Additional Members of the Executive Committee 
G. H. Marsh, Montgomery, Ala. 

W. H. Ross, Washington, D. C. 

W. Catesby Jones, Richmond, Va. 

J. Walter Sale, Washington, D. C. 

Permanent Committees 
Recommendations of Referees 

(Figures in parentheses refer to year in which appointment expires.) 

W. F. Reindollar (Bureau of Chemistry, State Department of Health, Balti¬ 
more 18, Md.), Chairman 

Subcommittee A: E. L. Griffin (1945) (Office of Distribution, War Food Ad¬ 
ministration, Washington 25, D. C.), Chairman ; G. E. Grattan (1947), and 
H. A. Halvorson (1949). 


Feeding stuffs 
Sampling 

Mineral mixed feeds (calcium and io¬ 
dine) 

Lactose in mixed feeds 


Fat in fish meal 

Adulteration of condensed milk prod¬ 
ucts 

Fat in cooked animal feeds containing 
cereals 
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Crude fat or ether extract 
Filtration aids in crude fiber determi¬ 
nation 

Soluble chlorine 

Ammoniacal urea and nitrogen salts 
Activity of yeast 
Microscopic examination 
Fluorine 

Mineral constituents of mixed feeds 
Fertilizers 

Phosphoric acid (moisture) 

Nitrogen 

Magnesium and manganese 
Acid- and base-forming quality 
Potash and platinum recovery methods 
Calcium and sulfur 
Copper and zinc 
Insecticides and fungicides 
Fluorine 
D. D. T. 

Rodenticides 

Nicotine 

Disinfectants 

Leathers and tanning materials 
Plants 
Sampling 
Iodine and boron 
Carbohydrates 


Zinc 

Copper and cobalt 
Chlorophyl, carotene, and iron 
Soils and liming materials 

Hydrogen-ion concentration of soils of 
arid and semi-arid regions 
Boron and fluorine 
Zinc and copper 

Exchangeable calcium and magnes¬ 
ium 

Exchangeable hydrogen 
Standard solutions 

Sodium thiosulfate solutions 
Thiocyanate solutions 
Potassium permanganate solutions 
Buffer solutions 
Vitamins 
Vitamin A 
Vitamin Bi 
Vitamin C 
Vitamin D—milk 
Vitamin D—poultry 
Vitamin K 
Riboflavin 
Nicotinic acid 

Carotene and cryptozanthin in yellow 
corn 

Panothenic acid 


Subcommittee B: F. H. Wiley* (1945) (U. S. Food and Drug Administration, Wash¬ 
ington 25, D. C.), Chairman; H. J. Fisher (1947), and Dan Dahle (1949). 


Naval stores 
Radioactivity 
Quantum counter 

Vegetable drugs and their derivatives 
Chemical methods for ergot alkaloids 
Theophylline sodium salicylate 
Physostigmine in ointments 
Quinine ethyl carbonate 
Theobromine and phenobarbital 
Prostigmine 

Aminopyrine, ephedrine, and pheno¬ 
barbital 

Quinine and strychnine 
Polarographic methods 
Synthetic drugs 
Phenothiazine 
Plasmochine 
Benzedrine in inhalants 
Hydroxyquinoline sulfate 


Methylene blue 

Ethylaminobenzoate 

Metrazol 

Barbiturates 

Acetanilid 

Sulfanilamide derivatives 
Phenolphthalein in presence of bile 
salts 

Atabrine (chinacrin) 

Sedormid 

Demerol 

Propadrine hydrochloride 
Carbromal 

Phenolsulfonphthalein 

Procaine 

Sulfobromophthalein 
Miscellaneous drugs 

Microchemical tests for alkaloids and 
synthetics 


* Unexpired term of W. F. ReindoUar. 
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Mercury compounds (ethanolamine 
method) 

Separation of bromides, chlorides, and 
iodides 
Thyroid 
Emulsions 

Compound ointment of benzoic acid 
Alkali metals 

Spectrophotometric methods 
Glycols and related compounds 
Preservatives and bacteriostatic 
agents in ampul solutions 
Drug bioassays 
Enteric coatings 
Posterior pituitary 
Ergometrine (ergonovine) 

Digitalis preparations 
Cosmetics and coal-tar colors 
Alkalies in cuticle removers 
Arsenic in hair lotions 
Lead in cosmetics 
Mercury salts in cosmetics 
Pyrogallol in hair dyes 
Resorcinol in hair lotions 
Salicylic acid in hair lotions 
Cosmetic creams 
Cosmetic powders 


Depilatories 

Deodorants and anti-perspirants 
Urea in deodorants 
Hair dyes and rinses 
Hair straighteners 

Mascara, eyebrow pencils, and eye 
shadow 
Nail cosmetics 
Moisture in cosmetics 
Ether extract in coal-tar colors 
Pure dye, impurities, and substrata in 
pigments 

Buffers and solvents in titanium tri¬ 
chloride titrations 

Halogens in halogenated fluoresceins 
Intermediates in certified coal-tar col¬ 
ors 

Spectrophotometric testing of coal-tar 
colors 

Subsidiary dyes in D&C colors 
Identification of certified coal-tar colors 
Mixtures of coal-tar colors for drug 
and cosmetic use 
Alizarin in madder lake 
Cosmetic skin lotions 
Acetates, carbonates, halides, and 
sulfates in certified coal-tar colors 


Subcommittee C: J. O. Clarke (1945) (U. S. Food and Drug Administration 
Chicago 7, Ill.), Chairman; C. S. Ladd (1947), and Kenneth L. Milstead 
(1949). 


Canned foods 
Quality factors 
Moisture in dried vegetables 
Fill of container methods (foods, drugs, 
and cosmetics) 

Coffee and tea (chlorogenic acid in coffee) 
Coloring matters in foods 
Dairy products 
Neutralizers 
Mold mycelia in butter 
Lactose in milk 

Pasteurization of milk and cream 
Ash in milk and evaporated milk 
Lactic acid 

Sampling, fat, and moisture in cheeses 
Frozen desserts 
Eggs and egg products 

Unsaponifiable matter and cholesterol 
Added glycerol and salt 


Fish and other marine products 
Total solids and ether extract 
Gums in foods 
Soft curd cheese 

Mayonnaise and French dressing 
Frozen desserts 
Meats and meat products 
Dried skim milk in meat products 
Soya flour in meat products (immuno¬ 
logical tests) 

Metals in foods 
Selenium 
Cadmium 
Copper 
Zinc 

Fluorine and lead 

Preparation of large size samples 

Mercury 
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Microbiological methods 
Canned fishery products 
Canned meats 
Canned vegetables 

Canned tomatoes and other acid vege¬ 
table and fruit products 
Sugar 

Eggs and egg products 
Nuts and nut products 
Microchemical methods 
Oils, fats, and waxes 
Refractometric determination of oil in 
seeds 

Unsaponifiable matter 
Peanut oil 
Olive oil 

Preservatives and artificial sweeteners 
Saccharin in non-alcoholic beverages, 
semi-solid preparations, and baked 
goods 

Esters of benzoic acid and benzoate of 
soda 


Sulfur dioxide in meats 
Monochlor&cetic acid 
Spices and condiments 
Vinegar 
Salad dressings 
Volatile oil in spices 
Moisture and ash in spices 
Ash and starch in prepared mustard, 
starch in mustard flour, and volatile 
oil in mustard seed 

Microanalytical methods for extraneous 
materials 
Drugs 

Dairy products 
Nuts and nut products 
Canned foods 
Fruits and fruit products 
Spices and condiments 
Vegetable products 
Decomposition in foods 

Volatile acids in fish products 


Subcommittee D: Joseph Callaway (1945*) (U. S. Food and Drug Administra¬ 
tion, Washington 25, D. C.), Chairman; W. Catesby Jones (1947), and 
J. Walter Sale (1949). 


Alcoholic beverages 
Malt 

Diastatic activity of malt and alpha- 
and beta-amylase 
Hops 

Cereal adjuncts 
Brewing sugars and sirups 
Fermentable extracts in brewing 
sugars and sirups 
Beer 

Acidity and pH of beer 
Inorganic elements in beer 
Color and turbidity in beer 
Carbon dioxide in beer 
Distilled spirits 

Spectrophotometric examination of 
wines and distilled spirits 
Formol titrations 

Chromatographic absorption of wines 
pH in distilled alcoholic beverages 
Wine 

Cordials and liqueurs 
Cacao products 
Lecithin in cacao products 
Pectic acid in cacao products 


Chocolate constituents 
Fat 

Cereal foods (calcium and iron) 

Rye flour in rye bread and in flour 
mixtures 

H-ion concentration 
Starch in raw and cooked cereals 
Fat acidity-grain, flour, corn meal, 
and whole wheat flour 
Sugar in bread and other cereal foods 
Benzoyl peroxide in flour 
Carbon dioxide in self-rising flour 
Milk solids and butterfat in bread 
Proteolytic activity of flour 
Soya flour 

Soya flour in foods (immunological 
test) 

Phosphated flour 

Noodles and egg-containing products 
Baked products (moisture, ash, pro¬ 
tein, fat, and crude fiber) 

Moisture in self-rising flour and in 
pancake, waffle, and doughnut 
flours 

Proteins in flour 


Unoxpirod term of J. A. LtCloro. 
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Bromates in flour 
Apparent viscosity measurement 
Flavors and non-alcoholic beverages 
B-ionone 

Lemon oils and extracts 
Organic solvents in flavors 
Glycerol, vanillin, and coumarin in 
vanilla and imitation vanillas 
Emulsion flavors 

Maple flavor concentrates and imita¬ 
tions 
Diacetyl 

Fruits and fruit products 
Sodium and chlorides 
Polariscopic methods 
Titration of acids 
Fruit acids 
Phosphoric acid 
Potassium 


Cold pack fruit 

Lactic acid and volatile fatty acids 
Sugar and sugar products 

Unfermented reducing substances in 
molasses 
Drying methods 

Densimetric and refractometric meth¬ 
ods 

Honey and honeydew honey 
Sucrose and ash in molasses 
Confectionery 
Reducing sugars 
Corn sirup and corn sugar 
Color and turbidity in sugar products 
Waters, brine, and salt 
Boron in water 
Fluorine in salt 
Iodized salt 


Editorial Board 

Henry A. Lepper, General Chairman 
Editorial Committee of The Journal 

W. B. White (U. S. Food and Drug Administration, Washington 25, D. C.) 

Chairman and Editor (1944) 

L. E. Warren (1945) R. B. Deemer (1947) 

J. B. Smith (1946) L. E. Bopst (1948) 

Marian E. Lapp, Associate Editor 

Editorial Committee of Methods of Analysis 
H. J. Fisher (Agricultural Experiment Station, New Haven 4, Conn.)i Chairman 
J. W. Sale Marian E. Lapp 

L. E. Warren W. H. Ross 

W. F. Reindollar 

Special Committees 

Committee on Definitions of Terms and Interpretation of Results on 
Fertilizers and Liming Materials 

L. S. Walker (Agricultural Experiment Station, Burlington, Vt.)» Chairman 
W. C. Jones L. E. Bopst 

G. S. Fraps John B. Smith 

W. H. MacIntire 

Committee on Quartz-Plate Standardization and Normal Weight 
Frederick Bates (National Bureau of Standards, Washington 25, D. C.), Chairman 
C. A. Browne F. W. Zerban 

Committee to Confer with American Public Health Association 
on Standard Methods of Milk Analysis 
A. C. Hunter (U. S. Food and Drug Administration, 

Washington 25, D. C.)> Chairman 
G. G. Frary J. 0. Clarke 
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Representative* on the Board of Governors of the Crop Protection Institute 
of the National Research Council 
H. J. Patterson, College Park, Md. 

W. H. MacIntire, Knoxville 16, Tenn. 

Representative on National Agricultural Jefferson 
Bicentenary Committee 
C. A. Browns, Washington 26, D. C. 

Referees and Associate Referees 


Subcommittee A 


Feeding Stuffs: 

Referee: L. S. Walker, Agricultural Experiment Station, Burlington, Vt. 


Sampling: 

W. L. Hunter, Department of Agriculture, Sacramento 14, Calif. 
Mineral Mixed Feeds (calcium and iodine): 

A. T. Perkins, Kansas State College, Manhattan, Kans. 

Lactose in Mixed Feeds: 

C. W. Sievert, American Dry Milk Institute, Chicago, Ill. 

Fat in Fish Meal: 

Maurice E. Stansby, Fish and Wildlife Service, Seattle 2, Wash. 
Adulteration of Condensed Milk Products: 

P. B. Curtis, Agricultural Experiment Station, W. Lafayette, Ind. 
Fat in Cooked Animal Feeds Containing Cereals: 

S. B. Randle, Agricultural Experiment Station, Lexington, Ky. 
Crude Fat or Ether Extract: 

J. J. Taylor, Department of Agriculture, Tallahassee, Fla. 
Filtration Aids in Crude Fiber Determination: 

L. S. Walker 
Soluble Chlorine: 

J. W. Kuzmeski, Agricultural Experiment Station, Amherst, Mass. 
Ammoniacal Urea and Nitrogen Salts: 

W. B. Griem, Department of Agriculture, Madison 6, Wise. 
Activity of Yeast: 

H. J. Witteveen, Department of Agriculture, St. Paul, Minn. 
Microscopic Examination: 

A. W. Creswell, 4806 Winona Terrace, Cincinnati 27, Ohio 
Fluorine: 

D. M. Doty, Purdue University, Lafayette, Ind. 

Mineral Constituents of Mixed Feeds: 

J. L. St. John, Agricultural Experiment Station, Pullman, Wash. 


Fertilizers: 

Referee: G. S. Fraps, Agricultural Experiment Station, College Station, Tex. 
Phosphoric Acid (moisture) : 

W. H. Ross, Bureau of Plant Industry, Soils, and Agricultural Engineer¬ 
ing, Beltsville, Md. 

Nitrogen: 

A. L. Prince, Agricultural Experiment Station, New Brunswick, N. J. 
Magnesium and Manganese: 

J. B. Smith, Agricultural Experiment Station, Kingston, R. I. 

Acid- and Base-Forming Quality: 

H. R. Allen, Agricultural Experiment Station, Lexington, Ky. 

Potash and Platinum Recovery Methods: 

O. W. Ford, Agricultural Experiment Station, Lafayette, Ind. 
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Calcium and Sulfur: 

Gordon Hart, Department of Agriculture, Tallahassee, Fla. 

Copper and Zinc: 

W. Y. Gary, Department of Agriculture, Tallahassee, Fla. 

Insecticides and Fungicides: 

Referee: J. J. T. Graham, Office of Distribution, War Food Administration, 
Beltsville, Md. 

Fluorine: 

C. G. Donovan, Office of Distribution, War Food Administration, Belts¬ 
ville, Md. 

Hodenticides: 

John W. Elmore, State Department of Agriculture, Sacramento 14, Calif. 
Nicotine: 

C. Y. Bowen, Bureau of Entomology and Plant Quarantine, Beltsville, Md. 

D.D.T.: 

E. E. Fleck, Bureau of Entomology and Plant Quarantine, Beltsville, 
Md. 

Disinfectants: 

Referee: C. M. Brewer, Office of Distribution, War Food Administration, 
Beltsville, Md. 

Leathers and Tanning Materials: 

Referee: I. D. Clarke, Eastern Regional Research Laboratory, Bureau of Agri¬ 
cultural and Industrial Chemistry, Philadelphia 18, Pa. 

Plants: 

Referee: E. J. Miller, Agricultural Experiment Station, East Lansing, Mich. 

Sampling: 

E. J. Miller. 

Iodine and Boron: 

J. S. McHargue, Agricultural Experiment Station, Lexington, Ky. 
Carbohydrates : 

J. T. Sullivan, U. S. Regional Pasture Research Laboratory, State Col¬ 
lege, Pa. 

Zinc: 

E. J. Benne, Agricultural Experiment Station, East Lansing, Mich. 
Copper and Cobalt: 

Lillian 1. Butler, Agricultural Experiment Station, East Lansing, Mich. 
Chlorophyl, Carotene, and Iron: 

E. J. Benne 

Soils and Liming Materials: 

Referee: W. H. Maclntire, Agricultural Experiment Station, Knoxville 16, 
Tenn. 

Hydrogen-ion Concentration of Soils of Arid and Semi-arid Regions: 

W. T. McGeorge, Agricultural Experiment Station, Tucson, Ariz. 

Boron and Fluorine; 

J. S. McHargue, Agricultural Experiment Station, Lexington, Ky. 

Zinc and Copper: 

Lewis H. Rogers, Agricultural Experiment Station, Gainesville, Fla. 
Exchangeable Calcium and Magnesium: 

W. M. Shaw, Agricultural Experiment Station, Knoxville 16, Tenn. 
Exchangeable Hydrogen: 

W. M. Shaw 
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Standard Solutions: 

Referel: R. L. Van da veer, Food and Drug Administration, New Orleans 16, La. 

Sodium Thiosulfate Solutions: 

G. M. Johnson, Food and Drug Administration, St. Louis 1, Mo. 
Thiocyanate Solutions: 

E. C. Deal, Food and Drug Administration, New Orleans 16, La. 
Potassium Permanganate Solutions: 

R. E. Duggan, Food and Drug Administration, New Orleans 16, La. 
Buffer Solutions: 

George G. Manov, National Bureau of Standards, Washington 25, D. C. 
Vitamins: 

Referee: Chester D. Tolle, Food and Drug Administration, Washington 25, 
D. C. 

Vitamin A: 

J. B. Wilkie, Food and Drug Administration, Washington, 25, D. C. 
Vitamin Bi 

O. L. Kline, Food and Drug Administration, Washington 25, D. C. 
Vitamin C: 

W. L. Hall, Food and Drug Administration, Washington 25, D. C. 
Vitamin D— Milk 

W. C. Russell, Agricultural Experiment Station, New Brunswick, N. J. 
Vitamin D— Poultry: 

Chester D. Tolle 
Vitamin K: 

H. J. Almquist, University of California, Berkeley, Calif. 

Riboflavin: 

A. R. Kemmerer, Agricultural Experiment Station, College Station, Tex. 
Nicotinic Acid: 

To be appointed 

Carotene and Cryptozanthin in Yellow Corn: 

A. R. Kemmerer 
Panothenic Acid: 

H. W. Loy, Jr., Food and Drug Administration, Washington 25, D. C. 
Subcommittee B 

Naval Stores: 

Referee: V, E. Grotlisch, Office of Distribution, War Food Administration, 
Washington 25, D. C. 

Radioactivity: 

Referee: L. F. Curtiss, National Bureau of Standards, Washington 25, D. C. 
Quantum Counter: 

A. E. Mix, Food and Drug Administration, Washington 25, D. C. 
Analysis by Radon Measurement and Alpha Particle Counting: 

Francis T. Davis, National Bureau of Standards, Washington 25, D. C. 
Vegetable Drugs and Their Derivatives: 

Referee: D. C. Grove, Food and Drug Administration, Washington 25, D. C. 
Chemical Methods for Ergot Alkaloids: 

D. C. Grove 

Theophylline Sodium Salicylate: 

To be appointed 
Physostigminb in Ointments: 

G. M. Johnson, Food and Drug Administration, St. Louis 1, Mo. 
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Quinine Ethyl Carbonate: 

H. G. Underwood, Food and Drug Administration, Chicago 7, Ill. 
Theobromine and Phenobarbital: 

To be appointed 
Prostigmine: 

F. J. McNall, Food and Drug Administration, Cincinnati 2, Ohio 
Aminopyrine, Ephedrinb, and Phenobarbital: 

C. D. Wright, Food and Drug Administration, Washington 25, D. C. 
Quinine and Strychnine: 

To be appointed 
POLAROGRAPHIC METHODS: 

S. Reznek, Food and Drug Administration, Philadelphia 6, Pa. 
Synthetic Drugs: 

Referee: L. E. Warren, Food and Drug Administration, Washington 25, D. C. 
Phenothiazine; 

V. E. Stewart, Department of Agriculture, Tallahassee, Fla. 
Plasmochine: 

F. C. Sinton, Food and Drug Administration, New York 14, N. Y. 
Benzedrine in Inhalants: 

J. II. Cannon, Food and Drug Administration, St. Louis 1, Mo. 
Hydroxyquinoline Sulfate: 

A. M. Allison, Food and Drug Administration, Boston 10, Mass. 
Methylene Blue: 

H. O. Moraw, Food and Drug Administration, Chicago 7, Ill. 
Ethylaminobenzoate : 

To be appointed 
Metrazol: 

C. B. Stone, Food and Drug Administration, Cincinnati 2, Ohio 
Barbiturates: 

L. E. Warren. 

Acetanilid: 

To be appointed 
Sulfanilamide Derivatives: 

A. E. Sidwell, American Medical Association, Chicago, Ill. 
Phenolphthalein in Presence of Bile Salts: 

R. Hyatt, Food and Drug Administration, Cincinnati 2, Ohio 
Atabrine (chinacrin): 

H. C. Heim, Food and Drug Administration, San Francisco, Calif. 
Sedormid: 

I. Schurman, Food and Drug Administration, Cincinnati 2, Ohio 
Demerol: 

To be appointed 
Propadrine Hydrochloride: 

R. D. Stanley, Food and Drug Administration, Chicago 7, Ill. 
Carbromal: 

F. A. Rotondaro, Food and Drug Administration, Washington 25, D. C. 
Phenols ulfon phthalein : 

L. E. Warren 
Procaine: 

Joseph Levine, U. S. Bureau of Narcotics, Washington 25, D. C. 
SULFOBROMOPHTH ALEIN: 

F. A. Rotondaro 
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Miscellaneous Drugs: 

Referee: C. K. Glycart, Food and Drug Administration, Chicago 7, III. 

Microchemical Tests fob Alkaloids and Synthetics: 

G. L. Keenan, Food and Drug Administration, Washington 25, D. C. 
Mercury Compounds (sthanolaminb method) : 

P. S. Jorgensen, Food and Drug Administration, San Francisco, Calif. 
Separation of Bromides, Chlorides, and Iodides: 

N. E. Freeman, Food and Drug Administration, Atlanta 3, Ga. 
Thyroid: 

F. A. Hotondaro, Food and Drug Administration, Washington 25, D. C. 
Emulsions: 

H. F. O'Keefe, Food and Drug Administration, Chicago 7, Ill. 
Compound Ointment of Benzoic Acid: 

W. F. Kunke, Food and Drug Administration, Chicago 7, Ill. 

Alkali Metals: 

W. C. Woodfin, Food and Drug Administration, Atlanta 3, Ga. 
Spectrophotombtric Methods: 

J. Carol, Food and Drug Administration, Chicago 7, Ill. 

Glycols and Related Compounds: 

To be appointed 

Preservatives and Bacteriostatic Agents in Ampul Solutions: 

To be appointed 

Drug Bioassays: 

Referee: R. B. Smith, Food and Drug Administration, Washington 25, D. C. 
Enteric Coatings: 

H. A. Braun, Food and Drug Administration, Washington 25, D. C. 
Posterior Pituitary: 

R. B. Smith 

Ergometrinb (ergonovine) : 

B. J. Vos, Jr., Food and Drug Administration, Washington 25, D. C. 
Digitalis Preparations: 

To be appointed 

Cosmetics and Coal-Tar Colors: 

Referee: Dan Dahle, Food and Drug Administration, Washington 25, D. C. 
Alkalies in Cuticle Removers: 

R. E. Duggan, Food and Drug Administration, New Orleans 16, La. 
Arsenic in Hair Lotions: 

H. L. Burrill, Department of Health and Welfare, Augusta, Me. 

Lead in Cosmetics: 

W. C. Woodfin, Food and Drug Administration, Atlanta 3, Ga. 
Mercury Salts in Cosmetics: 

To be appointed 
Pyrogallol in Hair Dyes: 

C. R. Joiner, Food and Drug Administration, St. Louis 1, Mo. 
Resorcinol in Hair Lotions 

F. M. Garfield, Food and Drug Administration, St. Louis 1, Mo. 
Salicylic Acid in Hair Lotions: 

H. R. Bond, Food and Drug Administration, Kansas City 6, Mo. 
Cosmetic Creams: 

C. F. Bruening, Food and Drug Administration, Baltimore 2, Md. 
Cosmetic Powders: 

George McClellan, Food and Drug Administration, Houston 14, Tex. 
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Depilatories: 

F. J. McNall, Food and Drug Administration, Cincinnati 2, Ohio 
Deodorants and Anti-Perspirants: 

J. H. Jones, Food and Drug Administration, Baltimore 2, Md. 

Urea in Deodorants: 

N. E. Freeman, Food and Drug Administration, Atlanta 3, Ga. 

Hair Dyes and Rinses: 

J. H. Jones 

Hair Straightbners: 

J. F. Armstrong, Food and Drug Administration, Los Angeles 15, Calif. 
Mascara, Eyebrow Pencils, and Eye Shadow: 

Paul W. Jewel, 1666 No. Highland Ave., Hollywood 28, Calif. 

Nail Cosmetics: 

To be appointed 
Moisture in Cosmetics: 

J. F. WeekB, Food and Drug Administration, New Orleans 16, La. 
Cosmetic Skin Lotions: 

H. R. Bond 

Ether Extract in Coal-tar Colors: 

S. S. Forrest, Food and Drug Administration, Washington 25, D. C. 

Pure Dye, Impurities, and Substrata in Pigments: 

G. R. Clark, Food and Drug Administration, Washington 25, D. C. 
Buffers and Solvents in Titanium Trichloride Titrations: 

O. L. Evenson, Food and Drug Administration, Washington 25, D. C. 
Halogens in Halogenated Fluoresceins: 

G. R. Clark 

Intermediates in Certified Coal-tar Colors: 

L. A. Huard, Food and Drug Administration, Washington 25, D. C. 
Spectrophotometric Testing of Coal-tar Colors 

S. H. Newburger, Food and Drug Administration, Washington 25, D. C. 
Subsidiary Dyes in D&C Colors: 

L. Koch, 537 Columbia Street, Brooklyn 31, N. Y. 

Identification of Certified Coal-tar Colors: 

W. F. Whitmore, Polytechnic Institute, Brooklyn, N. Y. 

Mixtures of Coal-tar Colors for Drug and Cosmetic Use: 

W. C. Bainbridge, 537 Columbia Street, Brooklyn 31, N. Y. 

Alizarin in Madder Lake: 

W. C. Bainbridge 

Acetates, Carbonates, Halides, and Sulfates, in Certified Coal-tar 
Colors: 

R. N. Sclar, Food and Drug Administration, Washington 25, D. C. 


Subcommittee C 


Canned Foods: 

Referee: V. B. Bonney, Food and Drug Administration, Washington 25, D. C. 


Quality Factors: 

To be appointed 

Moisture in Dried Vegetables: 

Henry Fischbach, Food and Drug Administration, Washington 25, D. C. 


Fill of Container Methods (foods, drugs, and cosmetics) : 

Referee: Sumner C. Rowe, Food and Drug Administration, Washington 25, 

D. C. 
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Coffee and Tea (chlorogbnic acid in coffee) : 

Referee: H. J. Fisher, Agricultural Experiment Station, New Haven 4, Conn. 

Coloring Matters in Foods: 

Referee: C. F. Jablonski, Food and Drug Administration, New York 14, N. Y. 
Dairy Products: 

Referee: G. G. Frary, State Chemical Laboratory, Vermillion, S. D. 
Neutralizers: 

Fred Hillig, Food and Drug Administration, Washington 25, D. C. 

Mold Mycblia in Butter: 

J. D. Wildman, Food and Drug Administration, Washington 25, D. C. 
Lactose in Milk 

E. R. Garrison, University of Missouri, Columbia, Mo. 

Pasteurization of Milk and Cream: 

F. W. Gilcreas, Department of Health, Albany 1, N. Y. 

Ash in Milk and Evaporated Milk: 

G. G. Frary 
Lactic Acid: 

Fred Hillig 

Sampling, Fat, and Moisture in Cheeses: 

W. Horwitz, Food and Drug Administration, Minneapolis 1, Minn. 
Frozen Desserts: 

F. Leslie Hart, Food and Drug Administration, Los Angeles 15, Calif. 

Eggs and Egg Products: 

Referee: To be appointed 

Unsaponifiable Matter and Cholesterol: 

To be appointed 
Added Glycerol and Salt: 

L. C. Mitchell, Food and Drug Administration, Minneapolis 1, Minn. 

Fish and Other Marine Products: 

Referee: H. D. Grigsby, Food and Drug Administration, Philadelphia 6, Pa. 

Total Solids and Ether Extract: 

Manuel Tubis, Food and Drug Administration, Philadelphia 6, Pa. 

Gums in Foods: 

Referee: F. Leslie Hart, Food and Drug Administration, Los Angeles 15, Calif. 
Soft Curd Cheese: 

M. J. Gnagy, Food and Drug Administration, Los Angeles 15, Calif. 
Mayonnaise and French Dressing: 

S. D. Fine, Food and Drug Administration, Cincinnati 2, Ohio 
Frozen Desserts: 

F. Leslie Hart 

Meat and Meat Products: 

Referee: C. H. Swanger, Bureau of Animal Industry, Washington 25, D. C. 

Dried Skim Milk in Meat Products: 

To be appointed 

Soya Flour in Meat Products (immunological tests) : 

C. S. Ferguson, Department of Public Health, Boston, Mass. 

Metals in Foods: 

Referee: H. J. Wichmann, Food and Drug Administration, Washington 25, 

D. C. 
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Selenium: 

A. K. Klein, Food and Drug Administration, Washington 25, D. C. 
Cadmium: 

A. K. Klein 
Coppbb: 

C. A. Greenleaf, National Canners* Association, Washington, D. C. 

Zinc: 

L. V. Taylor, American Can Co., Maywood, Ill. 

Fluorine and Lead 

P. A. Clifford, Food and Drug Administration, Washington 25, D. C. 
Preparation op Large Sized Samples: 

P. A. Clifford 
Mercury: 

J. H. C. Loughrey, Food and Drug Administration, Boston 10, Mass. 
Microbiological Methods: 

Referee: A. C. Hunter, Food and Drug Administration, Washington 25, D. C. 

Canned Fishery Products: 

To be appointed 
Canned Meats: 

M. L. Laing, Armour and Company, Chicago, Ill. 

Canned Vegetables: 

E. J. Cameron, National Canners’ Association, Washington, D. C. 
Canned Tomatoes and Other Acid Vegetable and Fruit Products: 

B. A. Linden, Food and Drug Administration, Washington 25, D. C. 
Sugar: 

E. J. Cameron 
Eggs and Egg Products: 

M. T. Bartram, Food and Drug Administration, Washington 25, D. C. 
Nuts and Nut Products: 

To be appointed 

Microchemical methods: 

Referee: To be appointed 

Oils, Fats and Waxes: 

Referee: J. Fitelson, Food and Drug Administration, New York 14, N. Y. 

Refractometric Determination of Oil in Seeds: 

Lawrence Zeleny, Agricultural Research Center, Beltsville, Md. 
IJnsaponifiable Matter: 

Gardner Kirsten, Food and Drug Administration, New York 14, N. Y. 
Peanut Oil: 

Thomas Riggs, Food and Drug Administration, New York 14, N. Y. 
Olive Oil: 

J. Fitelson 

Preservatives and Artificial Sweeteners: 

Referee: Margarethe Oakley, State Department of Health, Baltimore 18, Md. 

Saccharin in Non-Alcoholic Beverages, Semi-Solid Preparations, 
and Baked Goods: 

Margarethe Oakley 

Esters of Benzoic Acid and Benzoate of Soda: 

E. B. Boyce, Department of Public Health, Westfield, Mass. 

Sulfur Dioxide in Meats: 

C. E. Hynds, State Department of Agriculture and Markets, Albany 1, N. Y. 
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Monochloracetic Acid: 

J. B. Wilson, Food and Drug Administration, Washington 25, D. C. 

Spicks and Condiments: 

Referee: S. Alfend, Food and Drug Administration, St. Louis 1, Mo. 

Vinegar: 

A. M. Henry, Food and Drug Administration, Atlanta 3, Qa. 

Salad Dressings: 

S. D. Fine, Food and Drug Administration, Cincinnati 2, Ohio 
Volatile Oil in Spices: 

J. F. Clevenger, Food and Drug Administration, New York 14, N. Y. 
Moisture and Ash in Spices: 

8. Alfend 

Ash and Starch in Prepared Mustard; Starch in Mustard Flour; and 
Volatile Oil in Mustard Seed: 

F. M. Garfield, Food and Drug Administration, St. Louis 1, Mo. 

Micro analytical Methods for Extraneous Materials: 

Referee: H. Welch, Food and Drug Administration, Washington 25, D. C. 

Drugs: 

G. L. Keenan, Food and Drug Administration, Washington 25, D. C. 
Dairy Products 

J. D. Wildman, Food and Drug Administration, Washington 25, D. C. 
Nuts and Nut Products: 

F. A. Hodges, Food and Drug Administration, Washington 25, D. C. 
Canned Foods: 

K. L. Harris, Food and Drug Administration, Washington 25, D. C. 
Fruits and Fruit Products: 

W. G. Helsel, Food and Drug Administration, Washington 26, D. C. 
Spices and Condiments: 

W. V. Eisenberg, Food and Drug Administration, Washington 25, D. C. 
Vegetable Products: 

F. R. Smith, Food and Drug Administration, Washington 25, D. C. 
Decomposition in Foods: 

Referee: W. I. Patterson, Food and Drug Administration, Washington 25, D. C. 

Volatile Acids in Fish Products: 

Fred Hillig, Food and Drug Administration, Washington 25, D. C. 


Subcommittee D 

Alcoholic Beverages: 

Referee: J. W. Sale, Food and Drug Administration, Washington 25, D. C. 
Malt: 

Christian Rask, Albert Schwill Company, Chicago 17, Ill. 

Di astatic Activity and Alpha- and Beta-Amylase of Malt: 

Allan D. Dickson, University of Wisconsin, Madison 6, Wise. 

Hops: 

Frank Rabak, Bureau of Plant Industry, Soils, and Agricultural Engineer¬ 
ing, Beltsville, Md. 

Cereal Adjuncts: 

V. E. Munsey, Food and Drug Administration, Washington 25, D. C. 
Brewing Sugars and Sirups: 

Stephen Laufer, Schwarz Laboratories, Inc., New York 17, N. Y, 
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Fermentable Extraotb in Brewing Sugars and Sirups: 

P. P. Gray, Wallerstein Laboratories, New York, N. Y. 

Beer: 

H. W. Rohde, Schlitz Brewing Company, Milwaukee, Wise. 

Acidity and pH of Beer: 

Kurt Becker, Siebel Institute, Chicago, Ill. 

Inorganic Elements in Beer: 

Gordon H. Bendix, Continental Can Company, Chicago 39, Ill. 

Color and Turbidity in Beer: 

B. H. Nissen, Anheuser-Busch, Inc., St. Louis 18, Mo. 

Carbon Dioxide in Beer: 

Irwin Stone, Wallerstein Labs., New York 16, N. Y. 

Distilled Spirits: 

Peter Valaer, Bureau of Internal Revenue, Washington 25, D. C. 
Spectrophotometric Examination of Wines and Distilled Spirits: 

G. F. Beyer, Bureau of Internal Revenue, Washington 25, D. C. 
Formol Titrations: 

G. F. Beyer 

Chromatographic Absorption of Wines: 

Peter Valaer 

pH in Distilled Alcoholic Beverages: 

M. Rosenblatt, Schenley Research Institute, Inc., Lawrenceburg, Ind. 
Wine: 

G. L. Marsh, University of California, Berkeley 4, Calif. 

Cordials and Liqueurs: 

J. B. Wilson, Food and Drug Administration, Washington 25, D. C. 
Cacao Products: 

Referee: W. O. Winkler, Food and Drug Administration, Washington 25, D. C. 
Lecithin in Cacao Products: 

J. H. Bornmann, Food and Drug Administration, Chicago 7, Ill. 

Pbctic Acid in Cacao Products: 

W. O. Winkler 
Chocolate Constituents: 

W. O. Winkler 

Fat: 

Marie L. Offutt, Food and Drug Administration, New York 14, N. Y. 
Cereal Foods (calcium and iron) : 

Referee: V. E. Munsey, Food and Drug Administration, Washington 25, D. C. 

Rye flour in rye bread and in flour mixtures: 

C. G. Harrel, Pillsbury Flour Mills Company, Minneapolis 15, Minn. 
H-ion Concentration: 

F. A. Collate, General Mills, Inc., Minneapolis 15, Minn. 

Starch in Raw and Cooked Cereals: 

M. P. Etheredge, State Chemical Laboratory, State College, Miss. 

Fat Acidity (grain, flour, corn meal, and whole wheat flour): 

Lawrence Zeleny, Agricultural Research Center, Beltsville, Md. 

Sugar in Bread and Other Cereal Foods: 

R. M. Sanstedt, Agricultural Experiment Station, Lincoln 1, Nebr. 
Benzoyl Peroxide in Flour: 

Dorothy B. Scott, Food and Drug Administration, New York 14, N. Y. 
Carbon Dioxide in Self-Rising Flour: 

R. Af Barackman, Victor Chemical Works, Chicago Heights, Ill. 
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Milk Solids and Butterfat in Bread: 

V. E. Munsey 

Proteolytic Activity op Flour: 

To be appointed 
Soya Flour: 

W. L. Taylor, General Mills, Inc., Minneapolis 15, Minn. 

Soya Flour in Foods (immunological test) : 

C. S. Ferguson, Department of Public Health, Boston, Mass. 
Phosphated Flour: 

Lowell Armstrong, Ballard and Ballard, Louisville, Ky. 

Noodles and Egg-Containing Products: 

To be appointed 

Baked products (moisture, ash, protein, fat, and crude fiber): 

N. H. Walker, National Biscuit Company, New York, N. Y. 

Moisture in Self-Rising Flour and in Pancake, Waffle, and Doughnut 
Flours: 

E. F. Steagall, Food and Drug Administration, Washington 25, D. C. 
Bromates in Flour: 

W. F. Geddes, University of Minnesota, Minneapolis, Minn. 

Apparent Viscosity Measurement: 

E. G. Bayfield, Kansas State College, Manhattan, Kans. 

Flavors and Non-Alcoholic Beverages: 

Referee: J. B. Wilson, Food and Drug Administration, Washington 25, D. C. 

0-io none: 

J. B. Wilson 

Lemon Oils and Extracts: 

J. B. Wilson 

Organic Solvents in Flavors: 

R. D. Stanley, Food and Drug Administration, Chicago 7, Ill. 

Glycerol, Vanillin, and Coumarin in Vanilla and Imitation Vanillas: 

Llewellyn Jones, Food and Drug Administration, Kansas City 6, Mo. 
Emulsion Flavors: 

J. B. Wilson 

Maple Flavor Concentrates and Imitations: 

To be appointed 
Di acetyl: 

J. B. Wilson 

Fruits and Fruit Products: 

Referee: R. A, Osborn, Food and Drug Administration, Washington 25, D. C. 
Sodium and Chlorides: 

H. W. Gerritz, Food and Drug Administration, San Francisco, Calif. 
Polariscopic Methods: 

L. H. McRoberts, Food and Drug Administration, San Francisco, Calif. 
Titration of Acids: 

H. M. Bollinger, Food and Drug Administration, Los Angeles 15, Calif. 
Fruit Aqids: 

R. A. Osborn 
Phosphoric Acid: 

H. Shuman, Food and Drug Administration, Philadelphia 6, Pa. 
Potassium: 

R. A. Osborn 
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Cold Pack Fruit: 

Paul A. Mills. Food and Drug Administration, Seattle 4, Wash. 

Lactic Acid and Volatile Fatty Acids: 

Fred Hillig, Food and Drug Administration, Washington 25, D. C. 

Sugar and Sugar Products: 

Referee: C. F. Snyder, National Bureau of Standards, Washington 25, D. C. 

Unfermented Reducing Substances in Molasses: 

F. W. Zerban, N. Y. Sugar Trade Laboratory, 113 Pearl Street, New York 4, 

N. Y. 

Drying Methods: 

Lester D. Hammond, National Bureau of Standards, Washington 25, 
D. C. 

Densimetric and Refractometric Methods: 

C. F. Snyder 

Honey and Honbydew Honey: 

G. P. Walton, Office of Distribution, War Food Administration, Wash¬ 

ington 25, D. C. 

Sucrose and Ash in Molasses: 

R. A. Osborn, Food and Drug Administration, Washington 25, D. C. 
Confectionery : 

C. A. Wood, Food and Drug Administration, New York 14, N. Y. 
Reducing Sugars: 

Emma J. McDonald, National Bureau of Standards, Washington 25, D. C. 
Corn Sirup and Corn Sugar: 

G. T. Peckham, Jr., Clinton Company, Clinton, Iowa 
Color and Turbidity in Sugar Products: 

J. F. Brewster, National Bureau of Standards, Washington 25, D. C. 

Waters, Brine, and Salt: 

Referee: Anna E. Mix, Food and Drug Administration, Washington 25, D. C. 

Boron in Water: 

Anna E. Mix 
Fluorine in Salt: 

Anna E. Mix 
Iodized Salt: 

Laura M. Huntley, Michigan Department of Health, Lansing, Mich. 
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Jukes, T. H., Lederle Laboratories, Pearl River, N. Y. 

Jurist, Benjamin, Food and Drug Section, Office Price Adm., Washington 25, D. C. 
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PRESIDENTS ADDRESS 1 

SOME HIGH LIGHTS OF WAR-TIME FOOD 

By J. Walter Sale (U. S. Food and Drug Administration, 
Washington, D. C.) 

Members and Visitors of the A. O. A. C.: 

We are assembled here for the second war meeting of the Association in 
a period of 58 years, the first of such meetings having been held in 1917 
during the first year of World War I. Last year, as in 1918, we deferred our 
usual annual meeting. It was not considered to be practicable, however, to 
postpone the meeting for the second time in succession, owing to the neces¬ 
sity of transacting accumulated business essential to the welfare of the 
Association and of the groups that it serves. 

While the history and functions of our Association have been extensively 
discussed in the presidential addresses of my predecessors, I should like, 
in the interest of our newer members, to devote a moment to the considera¬ 
tion of an important intangible asset of the Association, namely the good 
will that it enjoys throughout the United States and many foreign coun¬ 
tries where the book of methods of the Association is used daily by chem¬ 
ists and other scientific workers in the analytical field. In the words of 
Charles Fletcher Dole: “Good will is the mightiest practical force in the 
universe.” The latent good will that exists for the Association is based on 
the respect shown for its methods by our professional associates, who 
know of the extensive collaborative work conducted by our members be¬ 
fore the Association sets its seal of approval on a method by designating it 
“official.” 

The Association's chief functions are to develop methods of analysis, to 
test such methods by collaborative work, and to adopt only those methods 
that have been shown to be workable and accurate in the hands of the 
average skilled analyst. By actual laboratory trial, this procedure raises 
each chemical, microchemical, or biological analysis from the plane of a 
“one-man method” to a point where many competent chemists, micro¬ 
analysts, and bacteriologists can analyze samples of unknown composition 
and obtain similar accurate results. That such work is essential is well 
recognized. Who is there among us that has not at some time attempted to 
apply a “one-man method” to a sample, and before proceeding very far 
has found an involved program of analytical research comprising modifica¬ 
tions, sometimes quite extensive, of published procedure and of apparatus. 
While the testing of analytical methods cooperatively is one of the most 
important duties of the Association and the one that is perhaps the most 
widely recognized, other objectives that are set forth in the constitution 
of the Association include the following: To secure uniformity in the state¬ 
ment of analytical results; to conduct, promote, and encourage research 

1 Presented before the 68th Meeting of the Association of Official Agricultural Chemists, held at the 
Btatler Hotel, Washington, D. C., October 27, 1943. 
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in chemistry in its relation to agriculture; and to afford opportunity for 
the discussion of matters of interest to agricultural chemists. 

The active membership of the Association is restricted to scientific 
members of official agencies of North America having to do with the analy¬ 
sis, research, and control of food, grain, and stock feeds, drugs, soils, 
fertilizers, agricultural liming materials, insecticides, fungicides, caustic 
poisons, naval stores, paints, leathers, and tanning materials. These 
workers hold membership in the Association by virtue of their official 
positions; when they sever their relations with their official institutions, 
they automatically lose such membership. 

The methods published by the Association, “Official and Tentative 
Methods of Analysis of the A. O. A. C.,” is the “bible” of nearly all food 
analysts in the United States and in many foreign countries. At public 
hearings on standards for food and in State and Federal regulatory actions 
that have progressed to a point where they are the subject of court con¬ 
troversy, the methods of analysis given in this book are respected and are 
usually accepted without question. Moreover, many Federal standards 
and specifications for foods contain a specific clause to the effect that 
chemical analyses shall be made in accordance with methods of the 
A. O. A. C. 

The good will engendered by the Association’s method of doing business 
and by leaders such as Johnson, Babcock, Wiley, B. B. Ross, Frear, Ladd, 
and a host of other less well-known officers of the Association, is a precious 
asset, and one that our members are obligated to preserve. This objective 
can be accomplished only by approaching our tasks with a new zest and 
a determination to make the collaborative testing of published methods 
and the devising of new methods keep pace with the rapid developments 
of the times. Some of these developments that relate to war-time foods 
will be considered here, and an attempt will be made to point out some of 
the problems of our Association that should be dealt with in the im¬ 
mediate future. 

Among the noteworthy aspects of war-time foods that may be men¬ 
tioned are the expansion of the dehydrated and frozen food industries, the 
large increase in the kinds and quantities of vitamin-enriched and vitamin- 
fortified foods, the development of the basic and operational rations of 
our armed forces for use at home and overseas, and the production of the 
so-called “extenders” or food substitutes to meet war-time scarcities and 
civilian needs. 


DEHYDRATED AND FROZEN FOODS 

Commercial dehydration, which in the case of egg drying in the United 
States dates back to the Civil War, obtained its real start during the Boer 
War and World War I, when food had to be sent long distances and cargo 
space was limited. It received a tremendous impetus in the early months 
of the present war owing to the same necessity of conserving space in 
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overseas shipments and to the shortage of tin supplies from Far Eastern 
tin-producing areas now under Japanese control. In normal times the 
water content of dried fruits usually ranges between 20 and 25 per cent, 
and that of dried vegetables between 10 and 15 per cent, whereas dried 
fruits are now dehydrated to less than 1 per cent moisture, and properly 
dehydrated vegetables generally contain less than 7 per cent and some¬ 
times as low as 3$ per cent. The advantages in favor of the dehydrated 
products from the standpoint of shipping space are obvious. 

As of June, 1943, the War Food Administration reported that there are 
1626 food dehydration plants in operation or under construction in the 
United States, including 1107 roller-process dried skim milk plants, 204 
spray-process dried skim milk plants, 13 meat plants, 126 egg drying 
plants, and 176 vegetable dehydration plants. As of January, 1943, the 
estimated requirement of dehydrated food for allied shipment in 1943-44 
amounted to approximately 845 million pounds and included mainly dried 
milk and skim milk, eggs, white potatoes, cabbage, carrots, beets, ruta¬ 
bagas, tomato products, baked beans, and pork. It is estimated that 300 
million pounds of fruits and vegetables will be dehydrated this year com¬ 
pared with 25 million pounds several years ago. 

Water can be taken out of butter and the butterfat so treated that it 
will not only take 20 per cent less shipping space than butter but will keep 
almost indefinitely without refrigeration. Dehydrated pork made from 
precooked lean pork is being substituted for fresh meat. Dehydrated soup 
mixtures made of pea meal, soy bean grits, and dry skim milk, with a pro¬ 
tein content of approximately 35 per cent, are being manufactured to the 
extent of millions of pounds. Also a dehydrated vegetable stew mixture is 
made in powder form from precooked beans, peas, soy bean grits, whole 
barley, and other grains, dehydrated diced vegetables, brewer's yeast, and 
seasoning. By a new method for dehydrating American cheddar cheese 
reported during the year, the moisture content is reduced from 36 
per cent to about 3 per cent. The resulting product contains all the fat and 
other solids of the original cheese. Dehydrated apples in a form known as 
apple nuggets are used to prepare apple sauce and apple pie. The Army 
has a specification for so-called tomato juice cocktail, dehydrated in 
flaked and powdered forms and prepared from tomatoes or tomato pur£e, 
sugar, salt, stabilizers, spices, and seasonings, with a maximum moisture 
content of 5 per cent. These are a few of the “oddities” in the dehydrated 
food field. 

High frequency heating, which is playing its part in the development of 
improved methods for the dehydration of food, utilizes the phenomenon 
that imperfect dielectric materials will absorb electric energy in the form 
of heat when placed in an electric field. One process based on this principle 
is stated to reduce the moisture content of dehydrated vegetables in brick 
form to 1 per cent. 

A recent development in the food field is the compression of dehydrated 
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foods such as soup in brick form and practically free from air. Dehydration 
removes most of the water from a food, but compression goes one step 
further, squeezing the dehydrated food into the smallest size practicable 
and thereby saving enormous amounts of shipping and storage space. Ip 
its simplest form moderate compression is accomplished by tamping, 
vibrating, and compacting a product so that waste space in a container is 
held to a minimum. Flour for example can be so compacted that approxi¬ 
mately 20 per cent more will go into an ordinary sack. Among the foods 
that have been successfully compressed for packaging are flour, oatmeal, 
many dehydrated or dried vegetables including carrots, beets, cabbage, 
and sauerkraut, “beet and potato hash/’ fruits and fruit juices, eggs, and 
milk. The finished blocks are protected against deterioration in color, 
flavor, and nutritive value by covering them with various sorts of mois¬ 
ture-proof materials. Cardboard, parchment, foils, waxed linings, cello¬ 
phane, flexible plastics, and many other materials are being tested for this 
purpose. To ascertain the best methods of dehydration and the most 
suitable forms of modern equipment for dehydrating fruits and vegetables, 
research workers are conducting extensive studies and investigations on 
rehydration of dried fruits and vegetables, on control of fat deterioration 
and enzymatic actions, on the destruction of vitamins in the various stages 
of manufacturing, on the retention of vitamins under different conditions 
of storage and shipment, on the influence of moisture on keeping quality 
and on the suitability of various types of available materials for containers. 
Necessarily, much of this research is dependent on suitable methods of 
analysis. 

Exclusive of frozen meats, eggs, cream, uneviscerated poultry, and bulk 
fish, the frozen food industry has expanded in the United States from a 
production of 556 million pounds in 1940 to an estimated production in 
1942 of 824 million pounds. Twelve different types of freezing methods are 
in use. As in the case of dehydrated foods, the expansion of our armed 
forces, the necessity of conserving storage and shipping space, and the 
shortage of tin are controlling factors in this increased production of frozen 
foods. A ton of beef carcasses occupies 100 cubic feet; after it has been 
boned and packed into containers for freezing it occupies only 35 cubic 
feet. The frozen food industry is therefore playing an important part in 
the war effort. In the post-war period, unquestionably, quality factors of 
frozen foods including color, flavor, physical defects, and maturity, will 
be given even greater attention. 

ENRICHMENT AND FORTIFICATION OF FOOD 

The addition to food of vitamins and minerals on the basis of dietary 
deficiencies in significant population groups has been greatly accelerated 
by conditions produced by the war. Attention was focused on this subject 
by the fortification of ersatz foods by the Germans during the early days 
of the war, and in 1940 the movement for this fortification of foods re- 
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ceived its greatest impetus. Enrichment of all white bread is required 
under Food Distribution Order No. 1 of the War Food Administration, 
effective January 18, 1943. Under this order the term “enriched” means 
that the bread shall be made from enriched flour containing the ingredi¬ 
ents in the quantities required by the regulations under the Food, Drug, 
and Cosmetic Act, or that equivalent ingredients shall be added to plain 
flour during the mixing of the dough. 

Under the Federal Food, Drug, and Cosmetic Act, standards of identity 
have been promulgated for a number of foods that either require or permit 
the addition of vitamins or minerals. 

A standard for oleomargarine announced in June, 1941, permits, with 
label declaration, the addition of a minimum amount of vitamin A. The 
vitamin A is added as fish liver oil or as a concentrate from such oil, with 
any accompanying vitamin D and with or without added vitamin D con¬ 
centrate. Practically all the margarine now being sold in the United States 
has vitamin A added. 

Proposed standards for enriched bread and enriched rolls or buns, pub¬ 
lished in August, 1943, require within specified limits the addition of 
thiamin, riboflavin, niacin or niacin amide, and iron, and permit the ad¬ 
dition within specified limits of vitamin D and calcium. Standards for 
enriched flour, enriched bromated flour, enriched self-rising flour, and 
enriched farina were promulgated in May, 1941, and with the exception of 
enriched farina, all were amended in July, 1943. It has been announced 
that a supplemental order will issue with respect to the proposal for an 
amended definition and standard of identity for enriched farina. The 
standards and amended standards for enriched flour and enriched bro¬ 
mated flour require the addition, within certain limits, of thiamin, ribo¬ 
flavin, niacin or niacin amide, and iron, and permit within certain limits 
the addition of vitamin D and calcium. 

The amended standards for enriched self-rising flours are similar to 
those just mentioned with respect to enrichment factors except that cal¬ 
cium is a required instead of an optional ingredient. The standard for 
enriched farina requires certain minimum amounts of thiamin, riboflavin, 
nicotinic acid or nicotinic acid amide, and iron, and permits the addition 
of minimum amounts of vitamin D and calcium. 

Standards for evaporated‘milk and concentrated milk promulgated in 
July, 1940, permit, with label declaration, a minimum quantity of vitamin 
D and any vitamin A that may accompany vitamin D when the latter 
is added in the form of a concentrate obtained from natural sources. 
Evaporated milk with added vitamin D has been available for a number 
of years, the first brand appearing on the market in 1931. 

An informative statement of policy regarding the addition to foods of 
nutritive ingredients was issued in July, 1943, by the Federal Security 
Agency and reads in part as follows: 
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Because of the lack of adequate production of a number of foods high in certain 
nutrients and the lack of consumer knowledge of nutrition, appropriate enrichment 
of a few foods widely consumed by the population in general or by significant popu¬ 
lation groups will contribute substantially to the nutritional welfare of consumers 
and to meeting their expectations of benefit. Enrichment of those foods which are 
not a substantial part of the dietary of any significant group tends to confuse and 
mislead consumers through giving rise to conflicting claims of nutritional values and 
by creating an exaggerated impression of the benefits to be derived from the con¬ 
sumption of such foods. 

If the customary process of manufacturing a staple food refines it so as to remove 
significant quantities of nutritive factors present in the natural product from which 
the food is made, and if the refined food is a suitable and efficient carrier of the fac¬ 
tors so removed, some nutritionists advocate the restoration of such factors to the 
levels of the natural product as the most desirable basis of enrichment. To the extent 
that restoration serves to correct deficiencies of such factors, it is consistent with 
the promotion of honesty and fair dealing that refined foods be enriched on a resto¬ 
ration basis. However, when the evidence shows that the restoration levels are too 
low to correct deficiencies, or that deficiencies exist in other factors for which the 
refined food is an efficient carrier, the promotion of honesty and fair dealing may re¬ 
quire the inclusion of corrective quantities of nutritive factors in the enriched food 
even though such factors are present in smaller quantities or wholly lacking in the 
natural product from which the food is made. Similar considerations may require 
the enrichment of unrefined foods. 

In addition to the specific regulations dealing with enriched foods under 
the Federal Food, Drug, and Cosmetic Act, a number of tentative Army 
specifications provide for the purchase of enriched foods. At this time such 
foods include flour, dehydrated soup mixes, yeast, certain army field 
rations, and lemon juice powder. 

Flour purchased for the armed forces of the United States is enriched 
in conformity with the requirements of the Federal Food, Drug, and 
Cosmetic Act. The tentative specification (C. Q. D. No. 26 A, July 30, 
1942) of the Quartermaster Corps for dehyrated powdered soup mixtures 
and pastes (vegetable soup, yellow pea soup, green pea soup and bean 
soup) requires the addition of a minimum amount of vitamin B complex 
concentrate consisting of a dehydrated extract of brewers' yeast. Army 
field ration D, a specially compounded 4-ounce chocolate bar, contains a 
minimum amount of added thiamin hydrochloride. The Army's enriched 
yeast contains a minimum quantity of thiamin and may contain other 
vitamin and mineral additions acceptable in good commercial practice. 
The Army's i ‘lemon juice powder synthetic" contains a minimum amount 
of ascorbic acid. In August, 1943, the Food Distribution Administration 
issued an invitation for bids for a 2-ounce chocolate bar for export to 
contain a minimum proportion of thiamin hydrochloride corresponding 
to that in Army field ration D. The government requirements for enriched 
foods cited will serve to illustrate current trends in the national nutrition 
program. It appears that the influence of food faddists is lessening and 
that future development of enriched foods will be on a sane and practical 
basis. 
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Among war-time foods there are the famous Army field ration D and the 
other Army emergency field rations including C, K, and J, the latter being 
a jungle ration. Field ration D consists of three 4-ounce chocolate bars 
specially compounded so that they will not soften unduly at even desert or 
tropical temperature and reinforced with thiamin chloride to help metab¬ 
olize their calories. This is a special product with no commercial counter¬ 
part. Field ration K, supper unit, consists of the following components: 
Two packages of biscuits of two types, 1 can of meat or cheese, a 2-ounce 
bar of sweet chocolate fortified with thiamin hydrochloride, bouillon 
powder, 1 stick of chewing gum, and 4 cigarettes. It is of interest that a 
captured Japanese emergency ration was found to consist of 3 cakes of 
pressed fish and bread, 1 cake of compressed pickled plums, 3 cakes of 
pressed sugar, and 3 packages containing 7 cakes each of pressed whole 
wheat. The size of the Japanese compressed ration was 28 cubic inches. 
The components of each serving unit of ration K are placed in a carton 
having a capacity of 31.6 cubic inches. This combat ration was developed 
as a result of a request from parachute troops for an extremely light and 
compact ration. 

ERSATZ FOODS 

The manufacture and distribution of so-called “extenders,” such as 
“coffee extenders,” “chocolate extenders,” “pepper extenders,” “butter 
extenders,” and the like, have resulted from a scarcity of genuine food 
ingredients due to war conditions. Many of these products are such poor 
imitations of the genuine that once tried they are discarded and never 
repurchased by the same individual. It is reported in the food industry 
press that these so-called food extenders, “which offered a one-way pull 
out of grocers' shelves” when rationing first began, have lost their sales 
magnetism and remain stationary in warehouses. However, the role 
played by food products that vary so greatly in composition and use 
as do the food substitutes now on the market cannot be summed up in 
so general a statement and they must continue to be subjected to close 
scrutiny by food control chemists, and methods for their examination 
should be developed when necessary. These products are of little concern 
to the Army and Navy and to officials in charge of exports of food to our 
Allies, as their supplies are purchased under specifications calling for 
genuine foods and genuine normal components. 

These products are also known to the industry under such terms as food 
substitutes, boosters, stretchers, extenders, fillers, and ersatz foods, and 
some of them were well-known adulterants of food in the early days before 
the enactment of Federal and State food laws. In many instances their 
use ceased to be classed as adulteration under the food laws when the 
labels were appropriately revised to indicate their true composition. Now 
we have them with us again in greatly increased varieties and numbers. 
There is hardly a type of food for which a “booster” has not been devised 
due to a scarcity of the genuine food coupled with a persistent demand 
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on the part of the public for the articles of food to which it has become 
accustomed. Conditions too numerous to discuss fully contribute to such 
scarcity, but a few might be enumerated. Some spices are unavailable now 
or available in much less than their usual quantities because the areas of 
their production have been invaded by the Axis powers. The shipment 
of cacao beans from Africa was curtailed by enemy activity on the high 
seas and supplies of pectin and citric acid for domestic use decreased be¬ 
cause of an increase of exports to our Allies, the needs of our own armed 
forces for lemon juice and jams and jellies made with these ingredients, 
and the restrictions on metals needed to expand manufacturing equip¬ 
ment. These and many other diminishing supplies of our accustomed foods 
have made a field day for ingenious manufacturers of substitutes, many 
of which may serve a useful purpose. On the other hand, many of them 
are undoubtedly on their way out because of their general worthlessness. 
They are seldom harmful to health, but they may be insanitary, especially 
when they consist of by-products of food manufacture that are normally 
used for fertilizer, or burned or otherwise destroyed. Frequently, food 
officials are importuned to relax their enforcement of food laws with re¬ 
spect to standards and permit the sale of these more or less debased foods, 
the nutritive value of which is usually less than that of the genuine articles 
they are intended to replace. Frequently the labeling leaves much to be 
desired, as it implies that these foods will in every way take the place of 
the genuine articles, which is seldom the case. 

Let us consider the composition of some of these ersatz foods with a 
view eventually to determining the adequacy of our analytical methods 
with respect to the detection and determination of these substitute in¬ 
gredients, some of which are new and others of which are present in new 
combinations. 

Chocolate boosters are rampant. They are sold to proprietors of dairies, 
bakeries, and other food establishments for admixture with the curtailed 
supply of chocolate or cocoa to permit normal output of the finished choco¬ 
late milk, chocolate cake, or other chocolate product. Basic raw materials 
used in their manufacture are ground, roasted soya beans, roasted cotton¬ 
seed flour, cocoa shells, chicory, caramel, and imitation chocolate flavor¬ 
ing. When in liquid form they also contain a solvent, a sweetening 
ingredient, and frequently benzoate of soda to preserve them. 

Coffee stretchers appear to be made of anything that is readily available, 
and they include roasted malt, rye, barley, soy beans, chick peas, wheat, 
spent coffee grounds, and chicory. The cereals are roasted and sold in 
ground form for mixing with coffee for household use; extractions of them 
are also sold for mixing with beverage coffee. Government inspectors 
have found coffee mixed with cereal in proportions as high as one part of 
cereal to three parts of coffee and with no such indication on the package. 
Ordinary dried lawn grass has been palmed off as tea. 

Substitution in the field of dairy products consists of decreasing the 
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fat content of cheese and ice cream, which is likely to increase the propor¬ 
tion of water with resultant lowering of nutritional value. So-called butter 
stretchers consist of processed butter or synthetic flavorings or both, to¬ 
gether with a vehicle or solvent. Diacetyl, butyric acid, and butyric acid 
esters are widely used in these flavorings. Large quantities of milk and 
some butter, together with a stabilizing agent, are combined to produce 
an article simulating butter. A so-called Victory spread of this character 
contains only 70 per cent butterfat. 

Suet and other fat of the type used in the production of soap and glyc¬ 
erol are accumulated as meat trimmings and rendered for sale as edible 
fats. Up to a half of normal shortenings is replaced by the mono- and 
diglycerides of fat-forming fatty acids and by similar products in which 
propylene glycol takes the place of glycerol. 

A so-called egg substitute was found to consist merely of yellow colored 
corn starch. Other such substitutes made from flour, Btarch, sugar, and 
some egg are sold to bakers and other food manufacturers. Flour is sub¬ 
stituted in part for egg albumen. In the essential oil field we find imitation 
oils of cassia, bergamot, cinnamon, citronella, geranium, lavender, lemon 
grass, peppermint, and sassafras. Among these essential oil substitutes 
are imitation anise oil consisting of synthetic anethol, imitation allspice 
oil made from eugenol and sesquiterpenes, imitation cassia and cinnamon 
oils made from cinnamic aldehyde and small amounts of esters of cinnamic 
alcohol, and imitation coriander oil made from linalool. No need has arisen 
for substitute lemon or orange oils, as the genuine oils are plentiful in the 
United States. However, chemists are prepared to produce imitations for 
such oils, if necessary. Spice substitutes are legion. Frequently, these con¬ 
sist of exhausted spices, or cereal products impregnated with flavoring 
material to simulate spices. They include a cinnamon substitute made 
from ground pecan shells flavored with cinnamic aldehyde, and another 
made from a dry ground cereal processed base with oil of cassia, cinnamic 
aldehyde, and other aldehydes and esters. So-called caraway seed has been 
found to consist of dill seed flavored with oil of caraway. Imitation white 
pepper, cinnamon, nutmeg, and paprika consisting of 20-50 per cent of 
added starch and in some cases, artificial color, have been encountered. A 
nutmeg substitute consists of ground soya bean and oil of nutmeg. 

The chicle in the popular confection chewing gum is replaced in whole 
or in part with the diglycerides, and esters of propylene glycol. 

In the field of bakery goods a processed vegetable pulp artificially 
colored yellow and flavored with imitation pineapple flavor has been pro¬ 
posed as a substitute for crushed pineapple, and crushed peaches arti¬ 
ficially colored red, with added raspberry seeds, have been substituted for 
raspberries. Raspberry and blackberry seeds are obtained as a by-product 
in the manufacture of seedless raspberry and blackberry jams and in the 
form of pomace in the manufacture of jelly juice. 

Dehydrated unpeeled bananas, sugar, and stabilizer have been substi- 
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tuted for raisins. A cinnamon roll dusting powder was found to consist of 
exhausted ginger, rye flour, corn sugar flavored and colored with cinnamic 
aldehyde, and caramel. Maleic acid, adipic acid, hydroxy-acetic acid, and 
saccharic acid have been proposed or actually used as food acidifiers. Some 
of these products are unfit for food because of their toxicity. Incidentally, 
maleic acid should not be confused with malic acid, which is a recognized 
food acidifier. Phosphoric acid and acid phosphate have come into greatly 
increased use because of the scarcity of the common organic acids. Several 
emulsifying agents and wetting agents have been proposed for use in 
food, including some of the alkyl aryl sulfonates, propylene glycol mono¬ 
stearate, and ursolic acid, which is recovered from cranberry waste. So¬ 
dium alkyl aryl sulfonate is a detergent that is used in fruit washing. 
Ethyl stearate has been considered as a substitute for cocoa butter. Vari¬ 
ous glycerol substitutes have been encountered, including mixtures of 
diethylene glycol and corn sirup, and various lactates and salts with corn 
sirup. 

Among the unusual or non-permitted preservatives newly proposed or 
actually being used are monochloracetic acid, dichloracetic acid, a salt of 
propionic acid, and the old-time adversaries of food officials—salicylic 
acid, boric acid, and peroxides of calcium and of hydrogen. 

Among the so-called meat extenders, which are intended to be mixed 
with meat as in the preparation of sausage or meat loaf, we find processed 
soy beans and other legumes, with or without dried skim milk. 

Coconut substitutes consist of small white corn flakes with vegetable 
oil and imitation coconut flavor. Pumpkin seeds have been substituted for 
nut meats in packages of salted nuts and puffed rice for peanuts in peanut 
bars. Another nut substitute is a mixture of malted kernels of wheat and 
corn, malted barley, corn sugar, and salt. Sodium alginate or gelatin, 
which have their own legitimate fields, are being used in place of pectin. 
Mineral oil in place of vegetable oil has been found in salad dressings, and 
liquid paraffin has been used instead of vegetable oils for baking. A so- 
called sugar substitute, which would not serve at all as a substitute, was 
found to be merely a sugar-inverting agent consisting of tartaric acid, 
Indian gum, soda, salt, and dextrin. A “honey stretcher” consists of 20 per 
cent honey and 80 per cent invert sugar sirup. Saccharin has been found 
recently in soft drinks and other foods in partial substitution for sugar. 

Few, indeed, of the food constituents that have been enumerated are 
either new or unique; many of them are being used in new combinations 
and forms resembling foods to which the public has become accustomed. 
Frequently, even fully informative labeling does not apprise the buyers 
of the composition of these foods since they are used by manufacturers 
as raw materials for other food that may not be labeled, as for example 
imitation chocolate consisting of cocoa shells, which is used in the prepa¬ 
ration of so-called chocolate cake. 
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WAR-TIME PACKAGING OF FOOD 

Any consideration of war-time foods would be incomplete without some 
reference to the containers used for such foods. The necessity of packaging 
enormous quantities of old and new types of foods for overseas shipments 
under the restrictions that exist on available container materials has re¬ 
sulted in the development of many new types of food containers and their 
use for both foreign and domestic shipments. 

Among the kinds of war packaging used are containers made of electro¬ 
lytic tin plate, bonderized plate, and deoxidized steel, flexible packaging 
films and “surf tested” cases and ordinary containers made with special 
linings and closures, or with as little glass as possible. Electrolytic tin 
plate saves tin in that it carries only about 0.5 pound of tin per base box 
instead of the usual 1.5 pounds and owing to the method of uniform ap¬ 
plication, it is said to afford greater protection than would be expected 
by the lesser amount of tin. In one type of electrolytic coating, the tin is 
deposited from an acid solution of stannous sulfate containing sulfonic 
acids, gelatin, and other components, and in another type from an alkaline 
bath of sodium stannate. For protection against corrosion, such lightly 
coated plate is enameled on the inside of the can for domestic purposes, 
and for overseas shipments it is enameled on the outside also. 

Bonderized plate is similar to the base plate of the tin can but is chemi¬ 
cally treated to reduce the rate of corrosion. In this process steel sheets 
are treated with a solution of zinc dihydrogen phosphate containing an 
oxidizing agent and a catalyst, which results in coating the steel surface 
with crystals of zinc and ferric phosphates. The bonderized surface is 
given at least one coat of organic enamel. The increased demands for or¬ 
ganic coatings for electrolytic tin plate and bonderized steel have been 
met by the use of dehydrated castor oil and a number of domestically 
produced synthetic resins, which replace in whole or in part tung and 
perilla oils and some of the fossil resins that are now unobtainable. 

Another war-time innovation, due to scarcity of tin supplies, is the pro¬ 
posal to substitute silver for tin as a container lining. It is said to be 
practicable to manufacture relatively low-cost silver-lined containers such 
as barrels, drums, and cans because they have the advantage of resistance 
to alkalies, organic acids, and certain concentrations of hydrochloric and 
other mineral acids. This development is still in an experimental stage. 
Deoxidized steel is enameled on both sides and is used for steel drums, 
ends of fiber cans, and for packing dry products. Flexible packaging films 
have been developed as a result of the requirements of the Army Quarter¬ 
master Corps for overseas shipments of food and other commodities in 
the face of restrictions on usual container materials such as tin plate, 
black plate, rubber, and aluminum foil. They consist of a base of fiber or 
cellulose products coated with films of modified waxes, nitrocellulose, 
resins, varnishes, lacquers, and other materials. Two or more sheets may 
be combined to produce a “laminated” film, which may be again coated. 
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These containers are resistant under climatic and transportation condi¬ 
tions that would destroy the old type containers. Numerous packaging 
and shipping tests to determine the efficiency of packaging films have been 
devised. 

The effect of the war effort on glass packaging has been the speeding 
up of that industry’s program, which has been in effect over a period of 
years, of reducing the weight of glass containers, standardizing their sizes 
and shapes, and mechanizing the packaging lines. The use of the smaller 
sized caps for the plastic, wax-lined, glass containers has increased owing 
to shortages of plasticized vinyl copolymer, rubber hydrochloride, and 
chlorinated rubber hydrochloride-coated paper materials, normally used 
for lining such closures. 

FILTH IN FOOD 

With this brief glimpse of war-time food I shall return for a moment to 
the basic function of the Association in improving and testing methods of 
analysis because necessarily it follows that our methods of food analysis 
should be reviewed in the light of present-day sophistication of food and 
the use of new types of containers, and revised and expanded where neces¬ 
sary, particularly in regard to the detection and quantitative determina¬ 
tion of filth. A number of the substitute ingredients being used are 
normally by-products of food manufacture and heretofore have been gen¬ 
erally regarded as refuse material fit only to be burned or dumped. The 
conditions under which such by-products are produced, stored, packaged, 
and transported frequently result in insect and rodent infestation and the 
incorporation of filth in other forms. Consequently, methods for the de¬ 
tection and determination of filth in food are becoming increasingly 
important. Closely allied to filth is decomposition, methods for which 
are needed in the case of eggs, dairy products, fish, fruit, and other food. 
Federal food chemists are successfully attacking these problems, and the 
results of their efforts will be reflected eventually in our methods. 

REVISION OF METHODS OF ANALYSIS, A.O.A.C. 

Chapters in our Methods of Analysis , A.O.A.C . that seem to need par¬ 
ticular attention are those on soils, sugars, vitamins, oils and fats, and 
those containing microanalytical and microchemical methods. One of our 
correspondents stated recently with respect to the revision of the soils 
chapter: 

In the field of soils all of the outmoded methods have not yet been replaced by 
methods for characterizing quantitatively the properties of soils and soil colloids 
which have a rapidly growing significance. Many of the published papers from this 
and other laboratories in recent years have been on the subject of methods. This was 
necessary as the whole field was in a state of flux, but the time is about ripe now 
for a systematic and thorough study of these methods, such as only the A.O.A.C. 
can do. 

Improved methods of analysis should be tested and incorporated in the 
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chapter on sugars and sugar products, especially those that are specific for 
particular sugars or classes of sugars,—for example, the determination of 
dextrose in mixtures of dextrose and other sugars and distinguishing be¬ 
tween monosaccharides and other classes of sugars. The food analyst 
frequently encounters such mixtures as acid-hydrolyzed starch products 
and malt products containing varying amounts and kinds of sugars, for 
the analysis of which the A.O.A.C. methods are not wholly adequate. A 
method that distinguishes between monosaccharides and disaccharides or 
other high molecular-weight sugars is available for collaborative study. 
Some of the more rapid fermentation methods should be given considera¬ 
tion in determining the constituents of sugar mixtures. Although many 
strains of yeasts that have been developed are specific for various sugars, 
methods of sugar analysis making use of them are generally too time- 
consuming to be serviceable in law enforcement work. 

The separation of various sugars by the preparation and subsequent dis¬ 
tillation of their esters and ethereal derivatives is worthy of study and 
there is a definite need for better methods for the determination of dextrins 
used in the analysis of acid conversion starch products, malt products, 
confectionery, and the like. Methods now available are usually subject to 
errors owing to contamination with other materials, or they are based on 
determinations that are “elastic,” such as polarization, in that starches 
from various sources differ greatly in specific rotation, and no doubt their 
dextrins are subject to similar variations. 

It has been shown recently that nine reprecipitations of dextrins from 
corn sirup are necessary before their reducing powers and specific rotations 
are constant, thus indicating absence of occluded material. Dextrins that 
are precipitated under the same conditions from corn sirup of different 
degrees of conversion have been shown to possess different specific rota¬ 
tions. Obviously, the procedure for the determination of dextrin in food 
needs to be thoroughly investigated. Methods that are more satisfactory 
than A.O.A.C. methods for the determination of moisture in sugars by 
drying and distillation are available and should be studied. 

Application of recently acquired information concerning the use of vita¬ 
mins and methods for their manufacture has been more rapid than the 
development of satisfactory methods of assay. An example of this condi¬ 
tion was the promulgation of a definition and standard for enriched flour 
under the Food, Drug, and Cosmetic Act in May, 1941, requiring nicotinic 
acid as an ingredient. The hearings for taking the testimony upon which 
this standard was based were held in the fall of 1940, and at that time 
there were no methods available for the quantitative determination of 
nicotinic acid. 

There are two methods for the assay of vitamins in the Book of Methods , 
namely, Vitamin D Milk and Vitamin D for Poultry, both of which are 
tentative. In addition, the following tentative methods have been adopted 
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and published in our Journal: Biological assays for vitamins B x and K, 
and microbiological assay for riboflavin. It appears that the commonly 
used methods for the determination of vitamins A and D are those pre¬ 
scribed by the U. S. Pharmacopoeia nine years ago. These methods are 
sufficiently well known so that they need no special consideration. How¬ 
ever, there is need for the adoption of methods for all the other vitamins 
known to be necessary in human nutrition, viz., ascorbic acid, thiamine, 
riboflavin, nicotinic acid, and vitamin K. Real advances have been made 
in developing methods for these vitamins during the past two or three 
years and they should be tested cooperatively and passed on by the As¬ 
sociation at an early date for incorporation into the next edition of Meth¬ 
ods of Analysis . 

The chapter on oils, fats, and waxes, while containing adequate methods 
for the determination of fatty acids, is somewhat deficient in methods for 
detecting rancidity and other forms of deterioration. The need for tests 
for quality, such as the peroxide number, will become more urgent as 
quality standards are developed and as requirements controlling quality 
are incorporated into specifications. Available rapid methods, such as the 
refractometric method of determining the fat content of flax seed, should 
be studied and their application extended to other products, and new 
rapid and accurate methods should be devised to facilitate analyses made 
in connection with regulatory operations where speed of examination, 
without sacrifice of accuracy, is an important factor. 

A method for the microanalytical examination of tomato pulp, pur6e, 
sauce, and paste is contained in the chapter on vegetables and vegetable 
products. This one method constitutes the only microanalytical procedure 
in the Book of Methods . Obviously, then, this chapter is weak in so far 
as microanalytical procedures are concerned, and it should be substan¬ 
tially expanded in this particular. While the method given is of value to 
regulatory officials, it covers only one type of vegetable, tomatoes, and 
regulatory officials are daily encountering many other varieties of vege¬ 
tables and vegetable products in need of regulatory control and for which 
there are no official methods of analysis. 

The examination of food products for filth constitutes an important 
part of regulatory food programs, and the need for numerous methods for 
the examination of a wide variety of products is essential if the Book of 
Methods is to be adequate. Microanalytical methods are needed for the 
examination of cereals and cereal products, flour, and meal products; for 
confectionery, sugars, and sirups; for dairy products, fish, spices; for fruits 
and fruit products; and for a variety of vegetables and vegetable products. 
Many such methods have been correlated and compiled for the use of 
regulatory officials by the Food and Drug Administration, and it is hoped 
that gradually such methods will be made available for consideration for 
adoption by the Association. 
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In the chapter on drugs, the microchemical tests listed for alkaloids 
should be expanded. Optical constants are not included in the identifica¬ 
tions of crystalline drugs in U.S.P. XII, although optical crystallographic 
data are exceptionally valuable in determining the identity of certain 
crystalline drugs. The portion of the chapter on drugs dealing with micro¬ 
chemical tests could be improved immeasurably by the addition of crystal* 
lographic data on the drugs listed in U.S.P. XII. Such data are available 
in the files of the Food and Drug Administration. 

Methods of Analysis , A.O.A.C. contains numerous procedures for the 
determination of the same constituent in different products. In many in¬ 
stances such procedures vary in details that could be made identical, 
except for preparation of sample, without affecting the accuracy or time 
of the determination. For example, drying temperatures for moisture de¬ 
termination are given as the temperature of boiling water in one method, 
100°C. in an air oven in another, and 105°-110°C. in another method. 
Specific gravity is determined at 20°/20°C. in one method and at 
15.5°/15.5°C. in another. In one method the procedure for determining 
specific gravity is described in detail, and in another method general terms 
are used without reference to the detailed procedure. The methods should 
be scrutinized from this point of view, particularly those for moisture, 
ash, acids, alcohol, arsenic, calcium, carbon dioxide, chlorine, fat, nitro¬ 
gen, phosphoric acid, solids, specific gravity, starch, and sulfur. Not only 
will space in the book be saved by making the procedures uniform wher¬ 
ever practicable, but the analyst will not be led to place undue emphasis 
on procedural differences that are actually of no significance. 

Methods that depend on the instruments of precision used for research 
and testing should be reviewed to determine whether provision should be 
made for the utilization of all improvements made in such instruments 
and of instruments that were unknown when the methods were promul¬ 
gated. Great advances along these lines have been made by instrument 
makers. 

The field of activity of the A.O.A.C. is very broad. Only a few of our 
problems have been referred t6 here, but they are sufficient to illustrate 
the importance and urgency of our tasks. The intrusion of the war has of 
necessity greatly reduced the time and effort that can be given to the basic 
work of the A.O.A.C., but such time as is available or can be made avail¬ 
able without sacrificing war effort should be expended only after an un¬ 
usual degree of thoughtful study, with a view to selection of the most 
pressing and important subjects for investigation. When that longed-for 
day that signals the end of the war arrives, we shall have many loose ends 
to gather up. Let us look forward to that time with renewed enthusiasm 
for the work of the Association. 



ORDER OF PUBLICATION 

The reports of the committees presented on the last day of the annual 
meetings are given at the beginning of the proceedings, not in their chron¬ 
ological order. This arrangement will assist the referees, associate referees, 
and collaborators in planning and developing their year's work. The re¬ 
mainder of the proceedings will then follow in the usual order. 

SECOND DAY 

THURSDAY—AFTERNOON SESSION 
REPORT OF EDITORIAL BOARD 
By W. W. Skinner, Chairman 

I shall make only a brief statement about the work of the Editorial 
Board; the detailed statement for The Journal will be made later by Mr. 
Lepper. 

The editorial work has gone along on the plan that has been in effect 
for some years. We have some problems, one particularly about Methods 
of Analysis , A.O.A.C. (familiarly called the Book of Methods ), because the 
next revision is due in 1945. The supply of copies of this publication is 
nearly exhausted. To meet the demand until 1945 there remain only 
about 450 copies out of the 7,000 copies of the original edition. There has 
been a continued and gratifying sale of this book, even during this war 
period, in fact it really seems that sales have been stimulated by the war. 
The Book of Methods is a unique volume, and we have all taken a part in 
its production. I shall repeat the statement that I have made previously 
that in certain types of court procedure the three books that are accepted 
are the Bible, our standard of morals; the Pharmacopoeia, our standard 
for drugs; and the Book of Methods , our standard for determining the com¬ 
position of material products. This is a very high position. The Book of 
Methods is one of the most widely distributed books printed in the English 
language. It is quite surprising to note from the list of purchasers that 
this book goes to the four corners of the earth. 

We have had several offers to publish Methods of Analysis in other than 
the English language, particularly in Spanish. Two years ago a proposition 
was made to us by an agricultural association in Cuba to have the book 
translated into Spanish. There would be some advantage in doing so, and 
as a part of the good-neighbor policy we gave it serious thought, but the 
people who were interested did not seem to have the financial and other 
backing necessary. It would be unfortunate—if the book is translated— 
to permit it to be done in a way that would detract from the credit that 
we have already attained in the public mind. More recently there have 
been two other offers made to translate the book into Spanish. One of 
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these was of a commercial nature, while the other was from an agricultural 
college. Fourteen chapters, the chapter on definitions, and the index had 
already been translated and specimen pages were submitted by the latter 
organization. The new officers should consider this matter during the com¬ 
ing year. I do not know what the Association will do if the supply of 
Methods of Analysis is exhausted this year. The new edition will not be 
available until the latter part of 1945. A reprint of the present edition is 
out of the question, and I do not believe it would be advisable to advance 
the date of the revision, but that of course must be determined in the 
future by the Board of Editors. 

Approved. 


REPORT OF EDITORIAL COMMITTEE OF THE JOURNAL 
Henry A. Lepper, Editor and Chairman 

As may be noted in Dr. Skinner's report as Treasurer, The Journal has 
returned a small profit. It has never been expected to be a source of reve¬ 
nue, but it is always gratifying when there is not a deficit. 

Several years ago the policy on reprints was liberalized because the 
Association was considered to be in a position to offer reprints to authors 
of contributed papers—50 without cost. This is quite an item of expense 
to The Journal. Shortly after that policy had been inaugurated it was 
pointed out that very often a referee report is in the same classification 
as a contributed paper; that is, it is the result of individual research, not 
simply a report of collaborative study of some method. Therefore the 
Executive Committee authorized the Editorial Board to follow the same 
policy in regard to referee reports whenever it was considered desirable 
to do so. This plan has worked out very satisfactorily, except that repeti¬ 
tion in printing the details of methods presented a problem in some in¬ 
stances. Often the referee report includes a long method that has been 
adopted, and printed in the first number of The Journal following the 
meeting, where the changes in methods are officially announced. These 
changes become effective, according to the by-laws, 30 days after such 
publication of the details of directions. The referee report follows in a 
later number, and to be complete in reprint form requires a repetition of 
the details of the method. Provisions for reprints at the time of the first 
printing can probably be made if the number to be needed is known. The 
Editorial Office may be able to work out satisfactory arrangements in 
such cases if the length of the directions makes the saving of paper of 
importance. 

A year ago The Journal reporting the 1941 meeting ran 971 pages, only 
a few below Volume 24 for the 1940 meeting, which had over 1,000 pages, 
the largest volume in any one year. In the absence of the regular annual 
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meeting of the Association last year, The Journal ran 584 pages. A sub¬ 
stantial number of reports were ready for presentation at the meeting, 
and these were published in Volume 26. This year it is realized that The 
Journal may be smaller owing to the number of referees now in the armed 
forces. The Journal will continue to publish contributed papers and those 
that deal with our work are solicited. 

It may be recalled that in 1931 an index of all the proceedings since the 
organization of the Association was published. This year a second index, 
to include the proceedings from 1931 to 1940, was compiled and published. 
This index will be distributed to the current subscribers of The Journal. 
We have no way of distributing it to all the subscribers of the 10 year 
period, but extra copies will be available for purchase at one dollar a copy 
to those who no longer subscribe but who may desire the ten-year index. 

The work of the committee has been directed to promote the revision of 
Methods of Analysis (the 6th edition). The revisions come at five-year 
periods, and so the next edition should be ready for distribution in 1945. 
However, if it seems to be inadavisble or impossible to have a meeting 
of the Association next year because of war conditions, it might not then 
be desirable to revise the Book of Methods. Certainly it would not be ad¬ 
visable to issue an edition that does not actually constitute a thorough 
revision of the methods. A meeting next year will make it possible to issue 
a revision in 1945 up to the usual progressive standard. 

Approved. 


No report of the Board of Editors, Methods of Analysis , A.O.A.C., was 
given by the Chairman, E. M. Bailey. For remarks concerning the 6th 
edition of this publication, see the two preceding reports. 


No report was given by the Committee on Quartz-Plate Standardiza¬ 
tion and Normal Weight. 


REPORT OF COMMITTEE ON DEFINITIONS OF TERMS AND 
INTERPRETATIONS OF RESULTS ON FERTILIZERS 

Official, Final Action 

NITRATE OF SODA AND POTASH 

Nitrate of soda and potash is a commercial product containing nitrates of sodium 
and potassium, and it shall contain not less than fourteen per cent (14%) of nitro¬ 
gen (N) and fourteen per cent (14%) of potash (K 2 0). 

Official , First Action 

GUARANTEEING IN TERMS OF ELEMENTS 

All fertilizer components with the exceptions of potash (K 2 0) and phosphoric 
acid (P*Ofi) if guaranteed shall be stated in terms of the elements. 

RECOMMENDATION 

Owing to the fact that instances of serious injury to livestock has resulted, it 
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is recommended that bags of fertilizer nitrates shall carry the warning “injurious to 
livestock .” 

Proposed Definitions 
MAGNESIA (MAGNESIUM OXIDE) 

(1) Magnesia (magnesium oxide) is a product consisting chiefly of the oxide of 
magnesium. Its grade shall be stipulated. For example: Magnesia— 75% MgO. 

NITRATE OF AMMONIA (NILNOi)—AMMONIUM NITRATE 

(2) Nitrate of Ammonia (NH 4 NOa)— ammonium nitrate is a product composed 
chiefly of nitrate of ammonia. Its nitrogen content shall be stipulated. For example: 
Ammonium nitrate—30% N. 

FUSED TRICALCIUM PHOSPHATE 

(3) Fused tricalcium phosphate is a glassy material resulting from the quenching 
of substantially defluorinated fusions of rock phosphate. It shall be of such fineness 
that ninety per cent (90%) will pass an 80-mesh screen and eighty-five per cent 
(85%) of its PjO* content shall be “available.” 

CALCIUM METAPHOSPHATE 

(4) Calcium metaphosphate is a glassy product that is composed chiefly of the 
phosphate indicated by the formula Ca(PO«) s . It shall be of such fineness that ninety 
per cent (90 %) will pass a 20-mesb sieve, and its content of available PjO* equiva¬ 
lence shall be stipulated. Example: Calcium metaphosphate—60 per cent available 
P*O fi . 

POTASSIUM METAPHOSPHATE 

(5) Potassium metaphosphate is a product represented by the formula KP0 8 . It 
shall be of such fineness that ninety per cent (90 %) will pass a 50-mesh screen, and 
its content of PaO* and K a O equivalence shall be stipulated. For example: Potassium 
metaphosphate—58 per cent Pa0 6 ; 32 per cent K s O. 


REPORT OF SUBCOMMITTEE A ON RECOMMENDATIONS 

OF REFEREES* 


By E. L. Griffin (Office of Distribution, War Food Administration, 
Washington, D. C.), Chairman; L. S. Walker} and H. H. Hanson} 

enzymes 

It is recommended that this work be discontinued. 


FEEDING STUFFS 

It is recommended— 

(1) That the method for sampling feeding stuffs submitted by the 
Referee be adopted as tentative (see p. 89). 

(2) That the temperature of ashing—600°C.—be adopted as official 
(final action). 

(3) That work on the determination of calcium and iodine in mineral 
mixed feeds be continued. 

(4) That an associate referee on the determination of mineral constitu¬ 
ents of mixed feeds be appointed. 


* These recommendations, submitted by Subcommittee A. were a] 
otherwise given, all references are to Method* of Analysis , A.O.A.C., ir 
t Served for G. E. Grattan. 
t Served for H. A. Halverson. 


the Association. Unless 
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(5) That the work on lactose in mixed feeds be continued. 

(6) That the work on fat in fish meal be continued. 

(7) That work on methods of detecting the adulteration of condensed 
milk products be continued. 

(8) That the method for the detection of starch in condensed or dried 
milk products, made official (first action) at the last meeting, now be made 
official (final action) and that study of the method be discontinued. 

(9) That the study of fat in cooked animal feeds containing cereals be 
continued. 

(10) That the work on crude fat or ether extract be continued. 

(11) That the work on filtration aids in crude fiber determination be 
continued. 

(12) That the method for soluble chlorine published in This Journal , 
26, 89, be adopted as official (first action), and that the study be con¬ 
tinued. 

(13) That the method for the determination of ammoniacal and urea 
nitrogen, published in This Journal , 24, 79; 25, 93, be made official (final 
action). 

(14) That the study of methods for evaluating the activity of yeast be 
continued. 

(15) That work on microscopic examination of feeding stuffs be in¬ 
augurated. 

(16) That an associate referee on fluorine in feeds be appointed and 
that in the study of methods consideration be given to utilizing present 
procedures for fluorine in other substances as far as practicable. 

FERTILIZERS 

It is recommended— 

(1) That the slotted single-tube sampler, the slotted double-tube 
sampler, and the slotted tube and rod sampler, This Journal , 24, 501, all 
with solid pointed ends, be adopted for sampling fertilizers (official, final 
action). 

(2) That paragraph 41(a) and (b), p. 31, of the official potash method, 
be changed to provide for the use of factor weight by adding “or the fac¬ 
tor weight 2.425 g” after “2.5 g” in the first and second lines, respec¬ 
tively, and that to 42(a) there be added, “If the factor weight and a 50 ml 
aliquot (containing 0.485 g sample) are used, multiply weight by 40 to 
get per cent K*0” (official, final action). 

(3) That the official method for the determination of water-insoluble 
organic nitrogen, 34, p. 29, be deleted (final action). 

(4) That for section (b) of the official method for the determination of 
nitrate nitrogen (31, p. 28) the following directions be substituted: “(b) 
Determine water-insoluble organic nitrogen as directed under 35 but use 
2.5 g of the mixed fertilizer” (official, final action). 
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( 6 ) That the heading “Total Nitrogen,” preceding paragraphs 24, 25, 
26, and 27 be changed to read, “Total Nitrogen in Mixed Fertilizers,” 
(official, final action). 

( 6 ) That the words “in mixed fertilizer” be added to the heading “Ni¬ 
trate Nitrogen,” preceding par. 31, p. 28 (official, final action). 

(7) That in line 6 of par. 60, p. 38, after the words “for unmixed nitrate 
salts,” the words “or for mixed fertilizers containing considerable nitrate 
nitrogen” be added (official, final action). 

( 8 ) That the long volumetric method for the determination of copper, 
adopted as official (first action) in 1941 and published in This Journal , 24, 
67, be adopted as official (final action). 

(9) That the statement (“Not applicable to samples containing free 
ammonia or compounds other than water that are volatilized at the tem¬ 
perature of drying”), be added to the method for the determination of 
moisture by drying (4, p. 20), (official, final action). 

( 10 ) That to Chapter II, the paragraph relating to graduated flasks 
published in This Journal , 25, 78, be added, official (final action). 

( 11 ) That in the official Devarda method (30, p. 27), the quantity 
“0.5 g” be changed to “0.35 or 0.5 g”; that the last paragraph be changed 
to read, “In the analysis of nitrate salts, dissolve 3.5 or 5.0 g in H a O, 
make up to 250 ml, and use 25 ml”; and that the same sentence be added 
to the ferrous sulfate-zinc-soda method for the same determination (29, 
p. 27), (official, final action). 

(12) That the following sentence be added to the method for the prepa- 
tion of standard sodium or potassium hydroxide solution (10(b), p. 22 ): 
“Burets in constant use are likely to become so corroded as to increase 
their capacity, and therefore should be tested at least once a year” (offi¬ 
cial, final action). 

(13) That the following clarifying paragraph be added to the method 
for the determination of potash in nitrate of potash, as 41(e), p. 31: 
“Nitrate of potash or nitrate of potash and soda. —If impure, proceed as 
directed in (a); if sufficiently pure, proceed as directed for potash salts 
(b), except to evaporate an aliquot to dryness in a porcelain dish with 
2 ml. of HC1 (if Pt dish is used, add H 2 SO 4 instead) and to take up with 
H 2 O and a few drops of HC1 before adding the Pt solution” (official, 
final action). 

(14) That Method III, volumetric modification of the method for the 
determination of acid-soluble magnesium, 54, p. 36, adopted as official 
(first action), ( This Journal , 24, 47) be adopted as official (final action). 

(15) That the bismuthate method for the determination of acid-soluble 
manganese ( This Journal , 24, 69, adopted as official (first action), ibid., 
25, 49, be adopted as official (final action). 

(16) That the official (first action) volumetric periodate method for 
the determination of manganese (56 and 57, p. 37) be deleted (final action). 
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(17) That the colorimetric method for the determination of manganese 
(58, p. 37), adopted as official (first action), (This Journal , 24, 47) and 
corrected editorially (ibid., 25, 49 and 79), be adopted as official (final 
action). 

(18) That Method I, official, for the determination of acid-soluble mag¬ 
nesium (52, p. 35) be deleted, but that such portions as are referred to 
in Method II (53, p. 36) be incorporated in Method II when revised (offi¬ 
cial, first action). 

(19) That titration with a glass electrode be adopted as tentative in 
the method for the determination of acid- and base-forming quality, as 
recommended by the associate referee (see p. 73). 

(20) That methods for the determination of phosphoric acid in basic 
slag be included with the other methods for phosphoric acid in fertilizers 
( Methods of Analysis, A.O.A.C., 1940). For the changes necessary to make 
this presentation possible see p. 73 (20). 

(21) That the study of the determination of moisture be continued. 

(22) That the study of the official ammonium citrate method for de¬ 
termining available PjOs in fertilizers (15, p. 23) be continued. 

(23) That work on the ferric sulfate and dipotassium phosphate method 
for the determination of nitrogen be discontinued and that the use of 
sodium phosphate of suitable pH be studied to ascertain whether it is 
better than magnesium oxide for ammoniacal nitrogen (28, p. 27). 

(24) That methods for the determination of acid-soluble magnesium, 
magnesium activity, and acid-soluble manganese be further studied. 

(25) That work be continued on the method for determining acid- and 
base-forming qualities of fertilizer recommended by the associate referee, 
including the method for eliminating basicity due to coarse material and 
the temperature of ignition. 

(26) That work on the details of the method for the determination of 
potash be continued, including the method for recovery of platinum. 

(27) That search for new methods for the determination of sulfur be 
continued and that the method for the determination of calcium (47, p. 34; 
This Journal , 24, 67) be further studied. 

(28) That collaborative work be done on the volumetric method for the 
determination of total zinc in samples containing less than 0.1 per cent, 
published in This Journal , 26, 67, with the objective of substituting it for 
the colorimetric method. 

The Subcommittee does not approve the referee’s recommendation 
that the method for the determination of citrate-insoluble phosphoric 
acid in non-acidulated samples other than basic slag (16(b), p. 24) be 
changed to read as follows: “Dicalcium phosphate. —Place 1 g of the 
sample on a 9 cm qualitative filter paper in a 250 ml Erlenmeyer flask 
and proceed as directed in 16(a),” but recommends that it be referred 
back to the referee for further consideration. 
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INSECTICIDES AND FUNGICIDES 

It is recommended— 

(1) That the value, 1 ml Af/100 KIO*=5.70 mg of Pyrethrin I, be 
adopted as the factor in the Mercury Reduction Method for Pyrethrin I 
in pyrethrum powder and extracts (official, first action). 

(2) That procedures 1, 2, 3, 4, and 5, as proposed by the associate 
referee (see p. 74), be adopted as a substitute for the lead chlorofiuoride 
method for total fluorine (official, first action). 

(3) That the study of naphthalene in poultry lice products be discon¬ 
tinued. 

(4) That study on rodenticides be inaugurated. 

(5) That methods for the determination of nicotine be studied. 

(6) That an associate referee be appointed to study D.D.T. 

DISINFECTANTS 

It is recommended that this work be continued. 

LEATHERS AND TANNING MATERIALS 

It is recommended that this work be continued. 

VITAMINS 

It is recommended— 

(1) That the thiochrome method for the determination of vitamin B, 
proposed by the associate referee be adopted as a tentative method (see 
p. 103). 

(2) That the method for the determination of vitamin C proposed by 
the associate referee be adopted as a tentative method (see p. 102). 

(3) That fluorometric methods for the determination of riboflavin be 
further studied so that such a method may be recommended for materials 
other than yeast, dried Bkim milk, and alfalfa. 

(4) That the microbiological method for riboflavin be further studied 
to improve the basal medium and also with a view to making the proced¬ 
ure identical with the procedure that has been adopted by the U. S. 
Pharmacopoeia. 

(5) That the method for the determination of nicotinic acid proposed 
by the associate referee be adopted as tentative (see p. 105). 

(6) That the method for the determination of crude carotene (61, p. 
369) be extended to materials other than dried hays and dried plants as 
provided by the modifications described by the associate referee (see p. 
108). 

(7) That the complete chromatographic method for the determination 
of carotene described by the associate referee be adopted as tentative (see 
p. 107). 

(8) That studies be continued on chemical and physical methods for 
vitamin A. 

(9) That studies be continued on vitamin D in milk and for poultry. 

(10) That studies be continued on methods for vitamin K. 

(11) That studies be inaugurated on methods for panothenic acid. 
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STANDARD SOLUTIONS 

It is recommended— 

(1) That the methods of standardization of thiocyanate solution be 
further studied. 

(2) That the method for preparation and standardization of sodium 
thiosulfate solution be further studied. 

(3) That the method for the preparation of standard hydrochloric acid 
solution from constant boiling acid, This Journal , 25, 110) be adopted as 
official (final action). 

(4) That the method for standardizing sodium hydroxide solutions by 
means of constant boiling hydrochloric acid ( Ibid ., 112) be adopted as 
official (final action). 

(5) That the method for the standardization of potassium permanga¬ 
nate solution be further studied with particular reference to the criticism 
suggested by the Referee on Synthetic Drugs. 

(6) That methods for the determination of standard buffer solutions 
be studied. 

PLANTS 

It is recommended— 

(1) That the studies on sampling be continued. 

(2) That the studies on iodine and boron be continued. 

(3) That the studies on carbohydrates be continued. 

(4) That the studies on copper and cobalt be continued and collabora¬ 
tive work be initiated as soon as conditions permit. 

(5) That the work on carotene and chlorophyl be continued. 

(6) That the study of the o-phenanthroline procedure for the colorimet¬ 
ric and the titanous chloride method for the titrametric evaluation of iron 
be continued, with the view to adopting them as official methods in place 
of the thiocyanate method as soon as necessary conditions have been met. 

(7) That further study be given to the ashing of plant material and 
extraction of the ash for the analysis of iron. 

(8) That the calibration of a photoelectric colorimeter by means of a 
plant extract, as described in the paper by Benne, Rose, and Colmar (to 
be published later in This Journal) , be given further study and applied 
to different makes of instruments. 

(9) That the two methods for chlorophyl recommended by the associ¬ 
ate referee be adopted as tentative (see p. 77). 

SOILS AND LIMING MATERIALS 

It is recommended— 

(1) That the method for the titrative evaluation of slags submitted 
by the associate referee be adopted as tentative and studied further. 

(2) That the technic previously proposed for the distillation method 
of determining fluorine be studied collaboratively. 

(3) That the “two-point” titration procedure for the determination of 
exchangeable hydrogen in soils be studied further in relation to soil cal¬ 
cium carbonate reactions. 



50 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol XXVII y No. 1 


(4) That the work on the extraction of exchangeable calcium and mag¬ 
nesium in the presence of carbonates be continued. 

(5) That the work on boron be continued as previously outlined by the 
referee. 

(6) That further study be made of methods for the determination of 
copper in soils. 

(7) That studies of methods for the determination of sine in soils be 
continued. 

(8) That work on hydrogen-ion concentration in arid and semi-arid 
soils be continued. 

PAINTS 

It is recommended that study on paints be discontinued for the present. 


REPORT OF SUBCOMMITTEE B ON RECOMMENDATIONS 

OF REFEREES* 

H. J. Fisher (Agricultural Experiment Station, New Haven, Conn.), 
Acting Chairman; W. F. Reindollar and Dan DahleI 

NAVAL STORES 

It is recommended that the subject be continued. 

RADIOACTIVITY 

It is recommended that the subject be continued. 

VEGETABLE DRUGS AND THEIR DERIVATIVES 

The referee reported that owing to wartime conditions, little work could 
be done by the associate referees. Of the thirteen projects assigned, he 
recommends that two be discontinued, one reassigned, and the remainder 
continued. The Committee approves the recommendations. 

CHEMICAL METHODS FOE ERGOT ALKALOIDS 

The associate referee reported that a chemical method for the assay of 
ergometrine had been devised and compared with the results of bioassays. 
He recommended that the method be studied collaboratively. The Com¬ 
mittee concurs in this recommendation. 

THEOPHYLLINE SODIUM SALICYLATE 

It is recommended that the topic be reassigned. 

PHYSOSTIGMINB IN OINTMENTS 

The associate referee reported that work had been completed to the 
point where a collaborative study could be made. He recommends that the 
subject be continued. The Committee concurs. 


* These recommendations, submitted by Subcommittee B, were approved by the Association. Unless 
otherwise given, all references are to Methods of Analysis, A.O.A.C., 1940. 
t Acting for A. E. Paid. 
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QUININE ETHYL CARBONATE 

No report was received, though it is understood that some work has 
been done. It is recommended that the subject be continued." 

THEOBROMINE AND PHENOBARBITAL 

The associate referee has been trying to eliminate the interference of 
starch in the assay for these substances. It is recommended that the topic 
be continued. 

GLUCOSIDE8 AND SAPONINS 

The associate referee found most of the methods in the literature to be 
of the bioassay type, which he did not feel qualified to study. The referee 
recommends that the subject be dropped. The Committee concurs. 

PROSTIGMINE 

Owing to a misunderstanding, the associate referee worked on Method 

I, which is a bromide determination and not specific for prostigmine. He 
submitted a report showing excellent results by this method. Because the 
associate referee, the referee, and the Committee believe that Method 

II, which depends on the determination of dimethylamine obtained by 
hydrolysis of prostigmine, is a more specific method, the Committee now 
recommends that Method II be studied further. 

STRYCHNINE IN PILLS 

It is recommended that the topic be discontinued. 

QUININE AND STRYCHNINE 

The referee recommends that the subject be continued. The Committee 
concurs. 

POLAROGRAPHIC METHODS 

The referee recommends that the subject be continued. The Committee 
concurs. 

AMINOPYRINE, EPHEDRINE, AND PHENOBARBITAL 

It is recommended that study of these drugs be continued. 

SYNTHETIC DRUGS 

The referee reports that of the fourteen topics assigned to him work 
on two has been completed and methods are recommended for adoption; 
for three, methods of assay have been adopted by the U.S.P. or the N.F. 
and it is recommended that these topics be dropped. In the case of the 
other ten topics, further study is recommended. Six new topics arc recom¬ 
mended for study: Demerol, propadrine, carbromal, phenolsulfonphtha- 
lein, procaine, and sulfobromophthalein. The referee also recommends 
changes in the status of a number of methods now tentative or official 
(first action). These methods are listed later in this report. The Committee 
concurs in the recommendations of the referee. 
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PLASMOCHINE 

No report was received, although the associate referee has submitted 
samples for collaborative study. It is recommended that the subject be 
continued. 

PHENOTHIAZINE 

It is recommended that the subject be continued. 

BENZEDRINE 

No report was received, and it is understood that no further work has 
been done. The referee recommends that the study of the determination of 
benzedrine in inhalants be continued. The Committee concurs. 

HYDROXTQ UINOLINE SULFATE 

It is recommended that the topic be reassigned. 

METHYLENE BLUE 

A report of the associate referee was published in This Journal , 26,242. 
He finds that the combination of the A.O.A.C. method of separation with 
the perchlorate method of determination yields satisfactory results with 
certain mixtures but not with others. He recommends that the topic be 
continued. The referee and the Committee concur. 

ETHYL AMINOBENZOATE 

The referee recommends that the topic be reassigned. The Committee 
concurs. 

METRAZOL 

No report was received, and it is understood that no further work has 
been done. It is recommended that the topic be reassigned. 

BROMOBARBITURATES AND THIOBARBITURATES 

Two methods were studied. Both gave satisfactory results. One was 
the present official method for barbital and phenobarbital; the other 
method employs chloroform alone as a solvent. The associate referee 
recommends the tentative adoption of both methods for most of the bar¬ 
biturates. The Committee recommends that the present official method 
(Methods of Analysis , A.O.A.C., 1940, p. 574, 44) be amended (first ac¬ 
tion) as follows: 

(1) That the title of the method be changed to “Barbiturates.” 

(2) That in 44(b) the statement “chloroform alone may be used except 
with nostal and pernoston” be added in parentheses. 

ACETANILID 

No work was done. The referee recommends that the topic be reas¬ 
signed. The Committee concurs. 

SULFANILAMIDE DERIVATIVES 

No work has been done on this topic for the last two years. It is recom¬ 
mended that the subject be reassigned. 
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PHBNOLPHTHALEIN AND BILE BALTS 

The associate referee has done considerable work on this subject, but 
he is not yet ready to submit a method to collaborative study. It is recom¬ 
mended that the topic be continued. 

ATABRINB 

The associate referee worked out a method for the determination of this 
compound which gave good results on collaborative study. As the First 
Supplement to the Pharmacopoeia is about to adopt a similar method, 
the Committee recommends that further study of this method be discon¬ 
tinued but that the short method suggested by the referee be studied. 

SEDORMID 

The associate referee devised a method for determination of the com¬ 
pound which depends upon its hydrolysis to urea with further hydrolysis 
of the urea to ammonia. Direct determination by solvent extraction was 
also found to give good results, but the associate referee did not believe 
this method was sufficiently specific. He has not yet submitted the urea 
method to collaborative study, and recommends that the topic be con¬ 
tinued. The Committee concurs in the recommendation that the topic be 
continued, but questions the necessity of so elaborate a method as the 
urea method since the identity of the drug can be established by means of 
a melting point after it has been isolated. 

DIETHYL STILBEBTROL 

Methods of assay are to appear in the Supplement to the U.S.P. XII. 
It is recommended that the subject be dropped. 

CINCHOPHEN AND NEOCINCHOPHEN 

The National Formulary and the U. S. Pharmacopoeia contain methods 
for the assay of cinchophen and neocinchophen tablets, respectively. For 
this reason it is recommended that the subject be discontinued. 

SODIUM DIPHENYLHYDANTOIN 

This subject was assigned two years ago. The associate referee did no 
work because the U.S.P. adopted a method of assay. It is recommended 
that the topic be discontinued. 

miscellaneous drugs 

The referee reports that four associate referees submitted reports for 
1942, which have been published (This Journal , 26, 96, 99, 238, 311). For 
the current year two associate referees have reported. In the case of four 
reports recommendations for the adoption of methods were made. The 
Committee approves the report of the referee. 

MICROCHEMICAL TESTS FOR ALKALOIDS AND SYNTHETICS 

The associate referee recommends the adoption as tentative of tests 
for choline and sulfadiazine already published (This Journal , 26,96). The 
referee and Committee concur. 
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The associate referee has also worked out tests for quinacrine, totaquine 
and sodium diphenylhydantoin, but they have not yet been submitted 
to collaborative study. He recommends that these compounds be studied 
collaboratively this coming year. The Committee concurs in the recom¬ 
mendation. 

EMULSIONS 

Two methods for the determination of phenolphthalein in emulsions 
were studied collaboratively. The referee recommends that the iodination 
method (This Journal , 26, 312) be adopted as tentative. The Committee 
concurs. 

SPECTROPHOTOMETRIC METHODS 

The associate referee worked out methods for the determination of 
quinine and quinacrine, the first of which was published in This Journal , 
26, 238. Recommendation is made that both these methods be adopted 
as tentative. The Committee concurs. 

GLYCOLS AND RELATED COMPOUNDS 

The report of the associate referee was published in This Journal , 26, 
99. The tests outlined in the report were not studied collaboratively. The 
referee recommends that a new associate referee be appointed since the 
present associate referee is no longer in government service. The Com¬ 
mittee concurs. 

It is recommended that study be continued on the following subjects: 
Mercury Compounds (Ethanolamine Method); Separation of Bromides, 
Chlorides, and Iodides; Thyroid; Compound Ointment of Benzoic Acid; 
Alkali Metals; and Preservatives and Bacteriostatic Agents in Ampul 
Solutions. 

NEW TOPICS 

It is recommended that the following new topics be studied: 

Demerol 

Propadrine Hydrochloride 

Carbromal 

Phenols ulfonphthalein 

Procaine 

Sulfobromophthalein 

DRUG BIOASSATS 

The referee left the government service, and no report was received. 
It is recommended that the subject be reassigned, and that except for 
glucosides and saponins present studies be continued. 

SUMMARY OF CHANGES IN STATUS OF METHODS 

It is recommended that the following methods be advanced from official 
(first action) to official (final action): 
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Monobromated Camphor, Method II (51, p. 576). 

Pilocarpine Hydrochloride (95, p. 589). 

Calomel in Calomel Ointment (192, p. 620). 

Hypophosphites in Sirup (180, p. 617). 

Salicylic Acid in Presence of Other Phenols (38, p. 572). 

Tetrachlorethylene in Mixtures (135, p. 604). 

It is recommended that the following methods be advanced from tenta¬ 
tive to official (first action): 

Acetophenetidin and Caffeine (16, p. 565). 

Acetylsalicylic Acid, Acetophenetidin and Caffeine (32, p. 570). 

Bismuth Compounds in Tablets (178, p. 617). 

Calcium Gluconate (179, p. 617). 

Effervescent Potassium Bromide with Caffeine (202, p. 623). 

Iodine (183, p. 618). 

Mandelic Acid (154, p. 610). 

Oil of Chenopodium (208, p. 625). 

Phenolphthalein in Chocolate Preparations (162, p. 613). 

Sulfanilamide (168, p. 614). 

Theophylline (107, p. 593). 

COSMETICS AND COAL TAR COLORS 

The referee reports that several of the associate referees are no longer 
on cosmetic work, some of them being in the armed forces. Nevertheless, 
five reports on cosmetics and four on coal tar colors have been presented, 
and all but two of these reports have been published in This Journal . 

The referee recommends changes in the status of certain methods now 
tentative, or official (first action) and the adoption as tentative of two 
other methods. He also recommends dropping five of the present topics 
and assigning three new topics. These recommendations are discussed later 
in this report. 

The Committee approves the report of the referee. 

MOISTURE IN COSMETICS 

The associate referee recommends continuation of the topic. The referee 
and the Committee concur. 

COMMON ASH CONSTITUENTS 

The associate referee is out of this type of work. The referee recom¬ 
mends that the topic be discontinued. The Committee concurs. 

ARSENIC IN HAIR LOTIONS 

The associate referee studied the application of various methods for the 
determination of arsenic in hair lotions. He finds the official Gutzeit 
method and all modifications of it studied to be unsuitable, but reports 
satisfactory results with the Cassil-Wichmann microprocedure (This 
Journal , 22, 436). He recommends further study. The referee and the 
Committee concur. 
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LEAD IN COSMETICS 

The referee recommends that the topic be continued. The Committee 
concurs. 

MERCURY SALTS IN COSMETICS 

The associate referee is no longer doing this type of work. The referee 
recommends reassignment of the topic. The Committee concurs. 

ALKALIES IN CUTICLE REMOVERS 

The associate referee recommends continuation of the topic. The referee 
and the Committee concur. 

PEROXIDES IN COSMETICS 

The associate referee is now doing other work. The referee recommends 
that this topic be discontinued. The Committee concurs. 

BETANAPHTHOL IN HAIR LOTIONS 

The associate referee is no longer doing this type of work. The referee 
recommends discontinuation of the topic for the duration. The Committee 
concurs. 

PYROGALLOL IN HAIR DYES 

The associate referee recommends continued study. The referee and the 
Committee concur. 

RESORCINOL IN HAIR LOTIONS 

The associate referee recommends that the study be continued. The 
referee and the Committee concur. 

SALICYLIC ACID IN HAIR LOTIONS 

The associate referee, at the last meeting, submitted a method as tenta¬ 
tive and it was so adopted (This Journal , 25, 112). In his present report 
he has revised this tentative method in accordance with suggestions made 
by collaborators and submitted the revised method for collaborative work. 
The revised method was published in This Journal , 26,355. The associate 
referee recommends that the present method be adopted as official (first 
action). The referee and the Committee concur in these recommendations. 

COSMETIC CREAMS 

The associate referee recommends continued study. The referee and the 
Committee concur. 

COSMETIC POWDERS 

The referee recommends continued study. The Committee concurs. 

DENTIFRICES AND MOUTHWASHES 

The associate referee recommends discontinuance or the assignment of 
a more specialized topic. In view of the present wartime use of substitute 
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materials in these products, the referee recommends discontinuance for 
the duration. The Committee concurs. 

UREA IN DEODORANTS 

The associate referee recommends continued study. The referee and the 
Committee concur. 


DEODORANTS AND ANTI-PERSPIRANTS 

This topic has no assigned associate referee. The referee recommends 
continuance and assignment to an associate referee as soon as one can be 
found. The Committee concurs. 

DEPILATORIES 

At the last meeting of the Association the associate referee recom¬ 
mended that a method for the determination of sulfides in depilatories 
be adopted as official (first action). The method was so adopted (This 
Journal , 25, 113). This method is now recommended for adoption as offi¬ 
cial (final action) on the basis that it has been in use since 1941 with no 
reports of unsatisfactory results. The referee and the Committee concur. 

HAIR DYES AND RINSES 

Two methods for the determination of p-phenylenediamine in hair dyes 
were adopted as official (first action) at the last meeting (This Journal , 
25, 113). The associate referee recommends that these be adopted as offi¬ 
cial (final action). The referee concurs. 

The associate referee submitted to collaborators two methods for the 
determination of 2,5-diaminotoluene (This Journal , 26, 117). The results 
indicated that Method I gave satisfactory results whereas Method II did 
not. Since, however, Method I is not specific for 2,5-diaminotoluene, 
whereas Method II would be, the associate referee recommends further 
study. The referee concurs, but because the present associate referee is 
no longer employed in cosmetic work, adds the recommendation that the 
topic be reassigned. The Committee concurs in both recommendations. 

HAIR 8TRAIGHTENER8 

The associate referee recommends continued study. The referee and the 
Committee concur. 

LIP MAKE-UP AND ROUGES 

The associate referee is in the U. S. Army. The referee recommends that 
the topic be suspended for the duration of the war. The Committee con¬ 
curs. 

EYE LOTIONS 

The associate referee is in the U. S. Army. The referee recommends 
that the topic be suspended for the duration of the war. The Committee 
concurs. 
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MASCARA, EYEBROW PENCILS AND EYESHADOW 

The associate referee reports on general methods and recommends that 
the topic be continued with a study of more specialized sub-topics. The 
referee and the Committee concur. The report was published in This 
Journal , 26, 317. 

NAIL COSMETICS 

The associate referee has reported on preliminary separation of non¬ 
volatile constituents of nail cosmetics. Since he is no longer doing cosmetic 
work, he recommends reassignment of the topic. The referee and the Com¬ 
mittee concur. 

COAL-TAR COLORS 

ETHER EXTRACT IN COAL-TAR COLORS 

The associate refereee recommends continued study. The referee and 
the Committee concur. 

PURE DYE, IMPURITIES, AND SUBSTRATA IN PIGMENTS 

The associate referee recommends continued study. The referee and the 
Committee concur. 

BUFFERS AND SOLVENTS IN THE TITANIUM TRICHLORIDE TITRATION 

The associate referee reported at the last meeting on three methods 
(This Journalj 25, 114). Two of these (for D&C Orange No. 3 and D&C 
Yellow No. 7) were adopted as official (first action). These are now recom¬ 
mended for adoption as official (final action). The referee and the Commit¬ 
tee concur. The third method (for D&C Green No. 5) was adopted as 
tentative. The associate referee recommends that this method be retained 
as tentative for another year to permit further study. The referee and the 
Committee concur. 

In his present report the associate referee has studied collaboratively 
methods for (1) pure dye in D&C Red Nos. 8 and 31 and (2) pure dye in 
D&C Red No. 19. He recommends that the first method be adopted as 
tentative and that the second be given further study. The referee and the 
Committee concur. 

HALOGENS IN HALOGENATED FLUORESCEINS 

The associate referee submitted to collaborators three samples of halo- 
genated fluorescein dyes for analysis by the method presented in 1941 
(This Journal 25, 757). The results indicated that proper technic would 
produce accurate and reproducible results. The associate referee proposes, 
however, to rewrite the method, laying greater stress on such directions 
as are important to obtain correct results (see p. 112). He recommends 
the adoption of the method as tentative and the referee concurs. 

The Committee approves the adoption of the method as tentative after 
clarification of the wording. 
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INTERMEDIATES IN CERTIFIED COAL-TAR COLORS 

The associate referee is now in the U. S. Navy. Since the study of the 
topic is of great importance, the referee recommends its reassignment. 
The Committee concurs. 

SPECTROPHOTOMETRIC TESTING OF COAL-TAR COLORS 

The associate referee recommends continued study. The referee and the 
Committee concur. 


SUBSIDIARY DYES IN D&C COLOR8 

The associate referee reports on a method for the determination of 
l,4-(o-sulfo-p-toluino)-anthraquinone in D&C Green No. 5. He recom¬ 
mends that the topic be continued and the presented method studied col- 
laboratively. The referee and the Committee concur. 

IDENTIFICATION OF CERTIFIED COAL-TAR COLORS 

The referee recommends continued study. The Committee concurs. 

ALIZARIN IN MADDER LAKE 

The associate referee has studied collaboratively the method he pre¬ 
sented at the last meeting. The results indicate that the method is satis¬ 
factory. He therefore recommends its adoption as official (first action). 
The referee and the Committee concur. The report was published in This 
Journal , 25, 956; 26, 242. 

SUMMARY OF CHANGES IN STATUS OF METHODS FOR COSMETICS 
AND COAL-TAR COLORS 

It is recommended that the following methods be advanced from the 
status of official (first action) to official (final action): 

Sulfides in depilatory powders (This Journal , 25, 113) 
Paraphenylenediamine in hair dyes and rinses (Ibid.) 

Pure dye in D&C Orange No. 3 ( Ibid. f 114) 

Pure dye in D&C Yellow No. 7 (Ibid.) 

NEW TOPICS 

It is recommended that the following new topics be studied: 

Cosmetic skin lotions 

Mixtures of coal-tar colors for drugs and cosmetics 
Acetates, carbonates, halides, and sulfates in certified colors 
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REPORT OF SUBCOMMITTEE C ON RECOMMENDATIONS 

OF REFEREES* 

W. B. White (U. S. Food and Drug Administration, Washington, D. C.), 
Chairman; J. O. Clarke, and C. S. Ladd 

METALS IN FOODS 

It is recommended— 

(1) That studies on micro methods for the determination of copper be 
continued. 

(2) That the general method for the determination of fluorine sub¬ 
mitted by the associate referee be adopted as tentative (see p. 90). 

(3) That the rapid method for the determination of fluorine as spray 
residue on apples and pears be adopted as tentative (see p. 98). 

(4) That studies be continued on methods for the determination of lead 
in special products. 

(5) That studies be initiated on the preparation of samples of large size 
for the rapid determination of spray residues on fruits and vegetables. 

(6) That the tentative method for the determination of selenium ( This 
Journal, 26, 346) be adopted as official (first action). 

(7) That studies on methods for the determination of zinc be continued. 

(8) That methods for the determination of mercury and cadmium be 
studied. 

(9) See also Recommendation (14) under Alcoholic Beverages. 

EGOS AND EGG PRODUCTS 

It is recommended— 

(1) That the official (first action) method for the determination of 
cholesterol ( This Journal, 25, 87) be adopted as official (final action). 

(2) That studies on chemical methods for the detection and measure¬ 
ment of decomposition in eggs and egg products be assigned to a referee 
on decomposition in foods. 

(3) That the open Carius method for the determination of salt in egg 
products (This Journal, 26, 352) be adopted as an alternative official 
method (first action). 

MEAT AND MEAT PRODUCTS 

It is recommended— 

(1) That studies of methods for the detection and determination of 
dried skim milk and soybean flour be continued. 

(2) That the tentative method for the detection of agar agar (This 
Journal, 25, 93), be made official (first action). 

COLORING MATTERS IN FOODS 

It is recommended— 

(1) That the method for the detection of minute amounts of FD&C 


* These recommendations, submitted by Subcommittee C, were approved by the Association, and un¬ 
less given otherwise all references are to Method* of Analysis, A.O.A.C., 1940. 
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Yellow No. 5 (tartrazine) presented by the referee be studied collabora- 
tively. 

(2) That investigational work be continued on the quantitative separa¬ 
tion and estimation of FD&C Yellow No. 5 (tartrazine) and FD&C Yel¬ 
low No. 6 (sunset yellow FCF). 

(3) That investigational work be undertaken to separate and determine 
quantitatively mixtures of FD&C Green No. 2 (light green SF yellowish), 
FD&C Green No. 3 (fast green FCF), and FD&C Blue No. 1 (brilliant 
blue FCF). 

(4) That studies be undertaken on the separation and quantitative de¬ 
termination in mixtures of FD&C Yellow No. 3 (Yellow AB), FD&C Yel¬ 
low No. 4 (Yellow OB), FD&C Orange No. 2 (Orange SS), and FD&C Red 
No. 32 (Oil Red XO). 

(5) That collaborative work on analytical methods for the coal-tar colors 
certifiable for use in foods be conducted. 

gums in foods 

It is recommended— 

(1) That in the studies on the detection of gums in food attention be also 
directed to the substances, both natural and synthetic, being used as sub¬ 
stitutes for gums because of temporary scarcity. 

(2) That the tentative method for the detection of gums in soft curd 
cheese (127-130, p. 305), be subjected to collaborative study. 

(3) That studies of methods for the detection of gums in frozen desserts 
be continued. 

(4) That the tentative method for the detection of gums in mayonnaise 
and French dressing (55, p. 477) be studied collaboratively. 

CANNED FOODS 

It is recommended— 

(1) That studies on methods for the determination of quality factors be 
continued. 

(2) That studies on methods of preparation of sample and determina¬ 
tion of moisture in dried vegetables be continued. 

OILS, FATS AND WAXES 

It is recommended— 

(1) That studies be made on the application to other oil seeds of the 
official method for refractometric determination of oil in flaxseed (63-65, 
pp. 448-452). 

(2) That methods for the determination of unsaponifiable matter be 
studied with a view to adopting a method of wide applicability. 

(3) That the method for the detection of olive oil in mixtures with 
other oils (This Journal , 26, 499) be studied collaboratively. 

(4) That studies of methods for the determination of peanut oil be con¬ 
tinued. 
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FOOD PRESERVATIVES AND SWEETENERS 

It is recommended— 

(1) That studies be conducted on methods for the determination of 
benzoate of soda in foods. 

(2) That methods for the determination of the esters of benzoic acids 
be studied. 

(3) That studies be continued on methods for the detection and de¬ 
termination of saccharin. 

(4) That study of methods for the determination of added sulfur di¬ 
oxide compounds in comminuted meats be continued. 

(5) That studies of methods for monochloracetic acid be continued. 

SPICES AND CONDIMENTS 

It is recommended— 

(1) That the official method (first action) for the determination of total 
phosphoric acid in vinegar (This Journal, 24, 83) be made official (final 
action). 

(2) That the modified Lichthardt method for the detection of caramel 
in vinegar (This Journal, 26, 234) be adopted as tentative. 

(3) That the tentative method for the determination of color removed 
by fullers' earth (76, p. 481) be dropped. 

(4) That the method for the differentiation between vinegar and com¬ 
mercial acetic acid presented by the associate referee be adopted as tenta¬ 
tive and studied collaboratively (see p. 101). 

(5) That studies be continued on methods for the determination of 
starch in salad dressing. 

(6) That the tentative method for the determination of starch in pre¬ 
pared mustard (This Journal, 25, 97), be further studied in regard to its 
applicability to mustard flour. 

(7) That the official method for the determination of salt in prepared 
mustard (36, p. 474) be dropped (final action). 

(8) That the official method (first action) for the determination of salt 
in prepared mustard be made official (final action). Except that 3-4 grams 
are specified as a sample, this method is the same as the modification of 
the open Carius method published in This Journal, 24,703. 

FISH AND OTHER MARINE PRODUCTS 

It is recommended— 

(1) That the several methods for the determination of total solids and 
ether extract (This Journal, 26, 226-232) be studied collaboratively with 
a view to selecting the most suitable method for each constituent. 

(2) That studies be continued on the methods for the determination of 
volatile acid published in This Journal, 25,176, and be assigned under the 
subject of decomposition in foods. 

MICROCHEMICAL METHODS 

It is recommended that study of microchemical methods be continued. 
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COFFEE AND TEA 

It is recommended that study be continued on methods for determining 
chlorogenic acid in coffee. 

MICROBIOLOGICAL METHODS 

It is recommended— 

(1) That the official method (first action) for the detection and estima¬ 
tion of numbers of thermophylic bacteria in sugars (12-18, pp. 642-643) 
be studied collaboratively. 

(2) That the official methods (first action) for the examination of frozen 
egg products (1-11, pp. 639-641), as revised and published in This Jour¬ 
nal, 24, 93-95, be studied collaboratively. 

(3) That the official methods (first action) for the examination of 
canned vegetables, other than tomatoes (19-21, pp. 643-646), be studied 
collaboratively. 

(4) That the tentative methods for the examination of nuts and nut 
products ( This Journal , 25, 109) be studied collaboratively. 

(5) That studies be continued on methods for the examination of 
canned fishery products, canned meats, canned fruit, fruit products, and 
tomatoes. 

DAIRY PRODUCTS 

It is recommended— 

(1) That studies be continued on methods for the detection of neu¬ 
tralizers in dairy products. 

(2) That the tentative method for preparation of sample for analysis 
of frozen desserts containing insoluble particles ( This Journal , 25, 85) be 
adopted as official (first action), and that the word “particles” be changed 
to “ingredients.” 

(3) That studies on the analysis of frozen desserts (including the quan¬ 
titative determination of gelatin and other “stabilizers”) be continued, 
and that methods for determining the apparent volume of frozen desserts 
be included. 

(4) That studies on methods for sampling cheese and for preparation of 
sample be continued. 

(5) That studies on methods for the determination of mold mycelia in 
butter (108-9, p. 300), be continued. 

(6) That studies on methods for detecting decomposition in dairy 
products be assigned to a general referee on decomposition in foods. 

(7) That the tentative method for the determination of lactic acid 
( This Journal , 20,134; 25, 255; 26,199) be further studied. 

(8) That the double dilution method for correcting the volume of pre¬ 
cipitate in the optical determination of lactose in milk (16, p. 271; This 
Journal , 25,608) be changed to provide for the use of a weighed sample of 
65.8 (2 N weight) in place of a calculated measured sample, and adopted 
as official (first action). 
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(9) That studies on ash in milk and evaporated milk be continued. 

(10) That studies on pasteurization of milk and cream be continued. 

(11) That methods for the determination of fat in cheese be studied. 

EXTRANEOUS MATERIAL IN FOOD 

It is recommended that methods for the separation and identification of 
extraneous material in food be studied and referees appointed. 

FILL OF CONTAINER 

It is recommended that studies be continued on methods of fill of con¬ 
tainer of foods, drugs, and cosmetics. 


REPORT OF SUBCOMMITTEE D ON RECOMMENDATIONS 

OF REFEREES* 


W. C. Jones (Department of Agriculture, Richmond, Va.), Acting 
Chairman; R. A. Osborn t, and Joseph Callaway} 


ALCOHOLIC BEVERAGES 


MALT, HOPS, CEREAL ADJUNCTS, BREWING SUGARS AND SIRUPS, AND BEER 


It is recommended— 

(1) That the method for the determination of bushel weight described 
in the report of the associate referee for 1943 be adopted as an alternative 
tentative method (see p. 81). (This method is not to be used to determine 
bushel weight for the purpose of determining compliance with require¬ 
ment of U. S. Grain Standards Act.) 

(2) That the methods for the analysis of caramel malt and black malt 
published in This Journal , 26, 300-301, be adopted as tentative. 

(3) That the ferricyanide modification for the determination of re¬ 
ducing sugars after diastasis be adopted as a tentative optional procedure 
in the method for determining diastatic power (48, pp. 160-161) and that 
this procedure be inserted in the method with the changes in wording sug¬ 
gested by the associate referee (see p. 82). 

(4) That the methods for the sampling of hops and for the determina¬ 
tion of leaves, stems, seeds, moisture, and total soft (alpha and beta) and 
hard (gamma) resins in hops, published in This Journal, 25, 292-296, and 
revised as shown in the associate referee’s report for 1943 be adopted as 
tentative (see p. 83). 

(5) That the study of analysis of cereal adjuncts be continued. 

(6) That the methods for the determination of moisture, extract, fer¬ 
mentable extract, and protein, published with the methods of analysis of 
the American Society of Brewing Chemists (1940), pages 2-8, under 
“Brewing Sugars and Sirups,” be adopted as tentative and that the 
method for fermentable extracts be subjected to collaborative study. 


These recommendations, submitted by Subcommittee D, were approved by the Association Unless 
otherwise given, all references are to Methods of Analysis , A.O.A.C., 1940. 
t Acting for J. W. Sale. 

X Acting for J. A. LeClerc. 
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(7) That the modification of the tentative method for the determina¬ 
tion of dextrin in beer (13, p. 152) recommended by the associate referee 
be further studied. 

(8) That the tentative method for the determination of chlorides in 
beer (26, p. 155) be made official (final action). 

(9) That the methods for pH and acidity in beer described in the report 
of the referee for 1943 be further studied. 

(10) That the method for the determination of sulfur dioxide in beer 
(21, p. 154) be made official (final action). 

(11) That the tentative method for the determination of iron in beer 
(This Journal , 24, 216) and also other methods for this determination be 
further studied. 

(12) That methods applicable to the determination of copper in beer 
be further studied, and that consideration be given to the dithizone car¬ 
bonate method outlined in the report on copper and selenium in beer for 
1943. 

(13) That methods applicable to the determination of tin in beer be 
studied. 

(14) That the associate referees on inorganic elements in beer confer 
with the referees on metals in foods and on iron in cereals with a view to 
the unification of directions for the determination of iron, copper, tin, 
and selenium. 

(15) That the method for the determination of color in beer (2, p. 150) 
be made official (final action). 

(16) That the method for determining turbidity in beer described in 
the report of the associate referee for 1943 be further studied. 

(17) That photoelectric methods for the determination of color and 
turbidity in beer be studied. 

(18) That the tentative method for the determination of carbon dioxide 
in beer (19, p. 152) be further studied. 

(19) That study be made of methods for the determination of alpha- 
and beta-amylase. 

DISTILLED LIQUORS 

It is recommended— 

(1) That the following methods be studied: 

(a) Use of ultraviolet light in the detection of foreign material added to 
distilled liquors. 

(b) Test for caramel referred to in the report on whiskey and rum for 
1943. 

(c) Chemical procedures for alcohol in brandy and other distilled 
spirits. 

(d) Methods for detecting small quantities of impurities in alcohol. 

(2) That the buffer solutions used for electrometric pH determination 
be collaboratively investigated and standardized. 
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(3) That collaborative work on the effect of proof on pH determination 
be investigated. 

(4) That further collaborative work be done on samples such as gin and 
alcohol with the view to refining the technic. 

(5) That study on methods for the analysis of cordials and liqueurs be 
continued. 

WINES 

It is recommended— 

(1) That the following methods be studied: 

(a) Spectrophotometric examination of wines. 

(b) Detection of caramel color in wines of all kinds. 

(c) The use of ultraviolet light in the detection of added foreign ma¬ 
terials in fruit wines ( This Journal , 25, p. 220). 

(2) That the tentative method for the determination of sulfurous acid 
in wines (38, p. 170) be modified as recommended by the associate referee 
(This Journal, 25,82) and made official (special action for final adoption). 

(3) That the study of formol titrations in wines be continued. 

CACAO PRODUCTS 

It is recommended— 

(1) That work on the determination of lecithin be continued. 

(2) That work on the determination of pectic acid in cacao products be 
continued. 

(3) That the proposed modified method for the determination of milk 
proteins in milk chocolate (This Journal, 25, 83) be made official (final 
action). 

(4) That the tentative method for the determination of milk protein 
(9, p. 201) be deleted. 

(5) That the study of methods for the determination of chocolate con¬ 
stituents of cacao products be continued and that special attention be 
given to products containing starch, cereal, or soybean solids. 

(6) That a study be made of, and collaborative work be done on, the 
unified method for the determination of fat (This Journal, 18, 455) and 
that it be applied to the determination of fat in cacao products in com¬ 
parison with the modified Roese-Gottlieb method (91(b), p. 292, further 
modified to use a larger sample), for the purpose of improving the method 
for the determination of fat in products where ordinary extraction 
methods are difficult. 

(7) That the method for calculating milk fat in milk chocolate (14, 
p. 204) be deleted. 

CEREAL FOODS 

It is recommended— 

(1) That the method for the determination of iron on which collabora¬ 
tive work was reported by the referee be adopted as tentative (see p. 86), 
and that study be continued and conference held with other referees 
studying methods for iron. 
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(2) That the method for the determination of calcium in cereals on 
which collaborative work was reported by the referee be adopted as tenta¬ 
tive (see p. 87), and that study be continued. 

(3) That the study of methods for the detection and determination of 
rye flour in rye bread and mixtures of cereal flour be continued. 

(4) That the electrometric procedure for the determination of hydro¬ 
gen-ion concentration in cereal products ( This Journal , 26, 109) be 
adopted as tentative, and that study be continued. 

(5) That the Hopkins revision of the Mannich-Lenz procedure for the 
determination of starch in cereals submitted to collaborators by the as¬ 
sociate referee this year be adopted as tentative (see p. 87), and that 
studies on the determination of starch be continued. 

(6) That further study be given to the determination of acidity of fat 
in grain, flour, corn meal, and whole wheat flour and to the correlation of 
this factor with unsoundness. 

(7) That further studies be made of the determination of reducing and 
nonreducing sugars in flour by the method given in section 20, p. 215, and 
of its application to the determination of sugar in bread and other cereal 
products. 

(8) That the study of the tentative method for the determination of 
benzoyl peroxide in flour (44, p. 223) be continued. 

(9) That studies be continued on methods for the determination of 
available carbon dioxide in self-rising flour containing added calcium 
carbonate. 

(10) That methods for the determination of lactose in bread ( This 
Journal , 25, 630) be further studied. 

(11) That the tentative method for the estimation of milk fat in bread 
(65, p. 229) be further studied. 

(12) That the methods proposed by the associate referee for the de¬ 
termination of proteolytic activity of flour be further studied. 

(13) That a study be made of the applicability of methods in the chap¬ 
ter on wheat flour to the determination of moisture, ash, protein, crude 
fiber, and ether extract in soybean flour. 

(14) That studies be made of the detection and determination of soy¬ 
bean flour in cereal products by immunological methods or other suitable 
means of estimation. 

(15) That studies of the determination of added inorganic materials 
in phosphated and self-rising flours be continued. 

(16) That the methods referred to in This Journal , 25, 83-84, for the 
determination of unsaponifiable matter and sterols in noodles be studied 
to determine their applicability to other foods containing eggs. 

(17) That studies of methods for the determination of albumin nitrogen 
in noodles and other farinaceous egg-containing products be continued. 

(18) That methods for the determination of moisture and fat by acid 
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hydrolysis in fig bars and raisin-filled crackers (This Journal , 26,306) be 
adopted as tentative and studies continued. 

(19) That further studies be made of the modified distillation method 
(benzene) for the determination of moisture in all flour-like products 
containing sodium bicarbonate as one of its constitutents (This Journal , 
25,649). 

(21) That methods for the determination of bromates in flour be 
studied. 

(22) That the method for apparent viscosity measurement of flour be 
studied. 

(23) See also Recommendation (14) under Alcoholic Beverages. 

FLAVORS AND NON-ALCOHOLIC BEVERAGES 

It is recommended— 

(1) That a collaborative study be made of the reflux method for the 
determination of peel oil in citrus fruit juices and that the modified oil 
distillation trap be utilized. 

(2) That collaborative work be continued on the method for the de¬ 
termination of beta-ionone where 1 to 10 mg. is present (This Journal , 22, 
690). 

(3) That collaborative studies of the Ripper method for the determina¬ 
tion of aldehydes in spirits as applied to lemon oils and extracts (14, p. 174) 
be continued. 

(4) That collaborative studies of the methods proposed by the referee 
for the determination of esters in lemon extract (This Journal , 25,153) be 
continued. 

(5) That collaborative studies of the Seeker-Kirby method for the de¬ 
termination of esters in lemon and orange oils (U. S. D. A. Bull. 241) 
be continued. 

(6) That collaborative studies of extract mixtures containing both 
isopropyl alcohol and acetone be continued. 

(7) That collaborative study of the photometric method for the de¬ 
termination of vanillin and coumarin (This Journal , 25,155) be continued. 

(8) That work be continued on the determination of glycerol, vanillin, 
and coumarin in vanilla and imitation vanilla extracts with special refer¬ 
ence to the automatic extraction of vanillin and coumarin. 

(9) That the study of emulsion flavors be continued. 

(10) That studies on maple concentrates and imitations be continued. 

(11) That a collaborative study of the procedure for the determination 
of diacetyl (This Journal, 24, 655) be made. 

FRUITS AND FRUIT PRODUCTS 

It is recommended— 

(1) That the tentative colorimetric method for the determination of 
lactic acid in milk (This Journal , 25, 255) be subjected to collaborative 
study in regard to its applicability to fruit products. 
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(2) That the Hillig methods for the determination of lactic and volatile 
fatty acids be subjected to collaborative study. 

(3) That methods for the determination of sodium and chlorine be 
further studied. 

(4) That studies of polariscopic methods be continued and that par¬ 
ticular reference be given to the possible interference of pectin. 

(6) That methods for the determination of total acidity be subjected to 
collaborative study with the view to adopting a titration procedure with 
an indicator that will produce results that will correlate with results ob¬ 
tained from electrometric titration. 

(6) That the procedures for the determination of polybasic acids pub¬ 
lished by Hartmann ( This Journal, 26, 444) be subjected to collaborative 
study. 

(7) That the volumetric procedure for the determination of P 2 O 6 pub¬ 
lished in This Journal, 25, 441, be adopted as tentative. 

(8) That the tentative colorimetric procedure for the determination of 
P 2 O 6 (39, p. 347) be adopted as official (final action). 

(9) That the official gravimetric procedure (38, p. 347) be dropped 
(first action). 

(10) That the gravimetric chloroplatinate procedure for the determina¬ 
tion of potassium published in This Journal, 26,326, be adopted as official 
(first action). 

(11) That the gravimetric cobaltinitrite procedure for the determina¬ 
tion of potassium published in This Journal , 26, 330, be adopted as official 
(first action). 

(12) That the volumetric chloroplatinate method (This Journal , 25, 
232); the short gravimetric procedure (Ibid., 26, 473 and 25, 434); and 
also the short volumetric procedure (Ibid., 26, 324) be adopted as tenta¬ 
tive. 

(13) That the unified procedures for the determination of potassium 
published in This Journal, 26,324, be subjected to collaborative study. 

(14) That further work be done on methods for sampling cold pack 
fruit. 

SUGAR AND SUGAR PRODUCTS 

It is recommended— 

(1) That studies on unfermented reducing substances in molasses be 
continued. 

(2) That collaborative study of the procedure for the determination of 
diacetyl (This Journal, 24, 655) be referred to the Referee on Flavors and 
Nonalcoholic Beverages. 

(3) That studies on the determination of moisture in liquid sugar 
products be continued. 

(4) That the tentative method for the determination of dextrin in 
honey (92, p. 510) be studied as suggested by the associate referee. 
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(5) That the official method for the determination of free acid in honey 
(93,510) be studied with a view to making it more definite with respect to 
the end point of the titration. 

(6) That study of the double alcoholic precipitation method (This 
Journal , 25, 683) for determination of dextrin in honey be discontinued, 
and that other methods for this determination be studied. 

(7) That the determination of moisture in honey by means of a re- 
fractometer and the table of refractive index and moisture equivalents of 
H. D. Chataway (This Journal, 25, 99) be adopted as official (final ac¬ 
tion). 

(8) That the methods for the determination of ash in sugar and sugar 
products (9, 10, p. 487) be changed to provide for the use of a sample of 
appropriate weight for the product being examined. 

(9) That studies on confectionery be continued. 

(10) That Ofner’s method for the determination of small quantities of 
invert sugar in refined sugars, as modified by Jackson and McDonald 
(This Journal, 26,462), be subjected to collaborative work with a view to 
its adoption to replace Herzfeld’s Method I (45, p. 503 with supplement¬ 
ing Table 10, p. 677). 

(11) That the Hagedom and Jensen micro method for the determina¬ 
tion of small quantities of invert sugar in refined sugars (Biochem. Z., 135, 
46 (1923)) be studied. 

(12) That Hammond’s copper equivalents of dextrose, levulose, invert 
sugar, and mixtures of invert sugar and sucrose containing, respectively, 
0.3, 0.4, and 2.0 grams of total sugar (NBS Research Paper RPI301, p. 
589; J. Research Nat. Bur. Standards, 24,579 (1940)), be adopted as official 
(first action). 

(13) That the study of available methods for the analysis of corn sirups, 
com sugars, and allied products be continued. 

(14) That methods of color measurement in solutions of sugar products 
be studied. 

(15) That a method for preparation of standard invert sugar solution 
be studied. 

(16) That the work on the determination of invert sugar in mixtures 
of sucrose and invert sugar by Munson and Walker’s method be continued 
with a view to replacing the Meissl and Hiller table of factors. 

WATERS, BRINE, AND SALT 

It is recommended— 

(1) That the tentative method of reporting results on waters and brine 
(81, p. 543) and the table of combining weights and their reciprocals (82, 
p. 544) be made official (first action). These figures were calculated from 
the International Atomic Weights of 1939, but no change was noted in 
the 1943 table. 
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(2) That studies on methods for the determination of boron in waters 
be continued. 

(3) That the method for the determination of fluorides in water (22, 
p. 529; corrected in This Journal, 25,101) be made official (final action). 

(4) That methods for the determination of fluorine in salt be further 
studied. 

(5) That methods for the determination of iodides in salt (58, p. 368; 
This Journal, 26,440; Sadusk-Ball, Ind. Eng . Chem., Anal. Ed., 5, p. 386) 
be studied collaboratively. 

(6) That the Elmslie-Caldwell procedure for the determination of 
iodine in mineral mixed feed (58, p. 368), as modified by the Associate 
Referee on Salt (see p. 110) be made official (first action) for the determi¬ 
nation of iodine in salt. 

(7) That tentative methods I and II for the determination of iodides 
in salt (100-105, pp. 547 and 548) be discontinued. 

(8) That the tentative procedure for the preparation of samples of 
salt (113, p. 549) and the tentative method for the determination of 
sulfates in salt (118, p. 550) be further studied. 

(9) That methods for sampling iodized salt be further studied. 


CHANGES IN OFFICIAL AND TENTATIVE METHODS OF 
ANALYSIS MADE AT THE FIFTY-EIGHTH ANNUAL 
MEETING, OCTOBER 27, 28, 1943* 

I. SOILS 

No additions, deletions, or other changes. 

II. FERTILIZERS 

(1) For sampling fertilizers the slotted single-tube sampler, the slotted 
double-tube sampler, and the slotted tube and rod sampler, all with solid 
pointed ends (This Journal , 24, 501), were adopted as official (final ac¬ 
tion). 

(2) The use of a factor weight was provided in the official method for 
the determination of potash by the addition to line 1, 41(a), p. 31, and 
to line 2 of 41(b), of the following directions: “or the factor weight 2.425 
g,” and to 42(a), the following sentence was added: “If the factor weight 
and a 50 ml aliquot (containing 0.485 g of sample) are used, multiply 
weight by 40 to obtain per cent K*0” (final action). 

(3) The official method for the determination of water-insoluble or¬ 
ganic nitrogen (34, p, 29) was deleted (final action). 


0 Compiled by Marian E. Lapp, Associate Editor. Unless otherwise given all references in this report 
are to Methods of Analysis, A.O.A.C., 1940, and the methods are editea to conform to the style used in 
that publication. 
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(4) For section (b) of the official method for the determination of ni¬ 
trate nitrogen (31, p. 28) there was substituted the following: “Determine 
water-insoluble organic nitrogen as directed under 35, but use 2.5 g of the 
mixed fertilizer” (official, final action). 

(5) The heading “Total Nitrogen,” preceding paragraphs 24, 25, 26, 
and 27, was changed to read, “Total Nitrogen in Mixed Fertilizers,” 
(official, final action). 

(6) The words “in mixed fertilizers” were added to the heading “Ni¬ 
trate Nitrogen,” preceding par. 31, p. 28 (official, final action). 

(7) In line 6 of par. 60, p. 38, after the words “for unmixed nitrate 
salts,” the words “or for mixed fertilizers containing considerable nitrate 
nitrogen” were added (official, final action). 

(8) The long volumetric method for the determination of copper, 
adopted as official (first action) in 1941 and published in This Journal, 24, 
67, was adopted as official (final action). 

(9) The statement “(Not applicable to samples containing free am¬ 
monia or compounds other than water that are volatilized at the tempera¬ 
ture of drying)” was added to the method for the determination of mois¬ 
ture by drying (4, p. 20) (official, final action). 

(10) The paragraph relating to graduated flasks, published in This 
Journal, 25, 78, following Recommendation 17, was added to Chapter II 
(official, final action). 

(11) In the official Devarda method (30, p. 27) the quantity “0.5 g” 
was changed to “0.35 or 0.5 g”; the last paragraph was changed to read 
“In the analysis of nitrate salts, dissolve 3.5 or 5.0 g in H s O, make up to 
250 ml, and use 25 ml”; and the same sentence was added to the ferrous 
sulfate-zinc-soda method for the same determination (29, p. 27) (official, 
final action). 

(12) The following sentence was added to the method for the prepara¬ 
tion of standard sodium or potassium hydroxide solution (10(b), p. 22): 
“Burets in constant use are likely to become so corroded as to increase 
their capacity, and therefore should be tested at least once a year” 
(official, final action). 

(13) The following clarifying paragraph was added to the method for 
the determination of potash in nitrate of potash, as 41(e), p. 31: “Nitrate 
of potash or nitrate of potash and soda. —If impure, proceed as directed in 
(a); if sufficiently pure, proceed as directed for potash salts (b), except 
to evaporate an aliquot to dryness in a porcelain dish with 2 ml of HC1 
(if Pt dish is used, add HjSO, instead) and to take up with H 2 O and a few 
drops of HC1, before adding the Pt soln” (official, final action). 

(14) Method III, volumetric modification of the method for the de¬ 
termination of acid-soluble magnesium (36, p. 54), adopted as official 
(first action), ( This Journal, 24,47) was adopted as official (final action). 

(15) The bismuthate method for the determination of acid-soluble 
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manganese (This Journal , 24, 69), adopted as official (first action), Ibid., 
25, 49, was adopted as official (final action). 

(16) The official (first action) volumetric periodate method for the 
determination of manganese (56, 57, p. 37) was deleted (final action). 

(17) The following colorimetric method for the determination of acid- 
soluble manganese in fertilizers (58, p. 37; This Journal , 24,47; 25,49, 79) 
was adopted as official (final action): 

ACID-SOLUBLE MANGANESE 
Colorimetric Method for Fertilizers 
(Applicable to samples with not more than 5% manganese) 

Place 1 g of sample in 200 ml wide-neck volumetric flask or a 200 ml beaker. 
Add 10 ml of II*S 04 and 30 ml of HNO,. Heat gently until brown fumes diminish, 
then boil 30 min. If organic matter is not destroyed, cool, add 5 ml of HNOa, and 
boil. Repeat this process until no organic matter remains, and boil until white fumes 
appear. Cool slightly, and add 50 ml of H,P0 4 soln (90 ml of H 2 0, 10 ml of 85% 
H 3 PO 4 ). Boil for a few minutes. Cool, make to 200 ml in a volumetric flask, mix, and 
let stand to allow precipitation of CaS0 4 . Pipet 50 ml of clear soln into a beaker. 
Heat nearly to boiling point, with stirring or whirling add 0.3 g of KI0 4 for each 15 
mg of Mn present, and proceed as directed in XXVII, 60. At final dilution soln 
should contain not more than 200 p.p.m. of Mn. Calculate to Mn. 

(18) Method I, official, for the determination of acid-soluble magnesium 
(52, p. 35) was deleted, and the parts of this method referred to in Method 
II (53, p. 36) were incorporated in Method II (official, first action). 

(19) The following directions for titration with a glass electrode in the 
method for the determination of acid- and base-forming quality, were 
adopted as tentative: 

Proceed as directed in 60, through the addition of 50 ml of water and 30 ml of 
normal HC1 and digestion on a hot plate or steam bath for 1 hour. Cool to room 
temperature and without filtering titrate the soln in the 150 ml beaker with 0.5 N 
NaOH to pH 4.3, using a glass electrode apparatus or other standard means of 
electrometric titration, and a continuous stirrer. Make the usual blank titration, 
using the glass electrode. Calculate results as directed in 60. 

(20) The methods applicable to basic slag were revised as follows to 
obviate a separate section: Delete 61. Change heading of 3 to read 
“Mechanical analysis of bone, tankage, and basic slag” and add to method, 
“With basic slag, proceed as directed in 8(b).” Delete 62 and 63. Add to 
8: “With basic slag proceed as directed in 8(b).” Delete 64 and add to 9 
the following directions: “With basic slag dehydrate aliquot (20 ml) of 
prepared soln by evaporating to dryness on steam or hot water bath. 
Treat with 5 ml of HC1 and 25 ml of hot H 2 O, digest in order to complete 
the soln, and filter off SiO*. Proceed as directed above. Before precipitating 
with magnesia mixture, add 5 ml of 5% Na acetate soln.” Delete 65, and 
add this paragraph to 12, as (c), preceded by the words, “In basic slag.” 
Run the material in 66, 67, and 68 immediately after 17, with the heading 
“Citrate Acid-soluble Phosphoric Acid in Basic Slag—Official.” 
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m. SEWAGE* 

IV. AGRICULTURAL LIMING MATERIALS 
The following method for the determination of neutralizing value of 
calcium silicate slags was adopted as tentative: 

NEUTRALIZING VALUE OF CALCIUM SILICATE SLAGS 
(ft) Blast Furnace Slags. —Weigh ,5 g charge ground to pass 80-mesh sieve and 
transfer into a 250 ml Erlenmeyer flask. Wash down with small portions of HaO and 
introduce 35 ml of .5 N H Cl while swirling. Heat to a gentle boil over Bunsen 
burner, agitating the suspension continuously until the bulk of sample has dissolved. 
Maintain boiling for 5 min.; cool to room temp., transfer to 150 ml beaker, and dilute 
to ca 80 ml. Titrate with .5 N NaOH to pH 4.6 as determined by a glass electrode. 
Net ml of acid used X 5 — neutralizing value of the slag in terms of CaCO*. 

(b) Slags from Rock Phosphate Reduction Furnaces. —Weigh .5 g charge and trans¬ 
fer into 250 ml beaker. Wash down with small portions of H 2 O and introduce 50 ml 
of acetic acid (1 +4). Stir suspension continuously during addition of acid. Heat to 
boiling 5 min., stirring frequently. Evaporate to a gel on hot plate or sand bath. Add 
40 ml of acetic acid (1 +4), dilute to 150 ml, and heat to boiling; add NH 4 OH (1+1) 
to clear yellow of methyl red and distinct odor of NH 4 . Digest ca 15 min. on hot 
plate. Filter by gravity on 9 cm paper, catching filtrate in a 220 ml shallow-form 
porcelain dish; wash beaker 3 times and the filter 5 additional times with neutral 
.5 N NH 4 acetate. Evaporate filtrate on hot plate. To prevent spattering adjust 
heat so that the bubbles that break through the viscous surface film are released 
gently. (Dehydration may be expedited by 2 or 3 repeated treatments with 25 ml of 
hot H*0 and evaporation.) Continue heating residue on hot plate until odor of 
acetic acid can not be detected. Heat an additional 10 min. at full heat of hot plate 
and then ignite 10 min. in electric furnace at 550°. Cool, wet residue with 15 ml of 
H s O, place cover-glass over dish, and introduce 25 ml of .5 N HC1 through lip of 
beaker. Heat 5 min. over Bunsen burner to gentle simmer. Rinse cover-glass; filter 
suspended Mn oxides on 9 cm filter, catching filtrate in 250 ml Erlenmeyer flask; 
and wash dish and filter 3 times with hot H a O. Titrate excess acid with .5 N NaOH 
to clear yellow of methyl red. Net acid usedX5-neutralizing value of the slag in 
terms of CaCO*. 

V. AGRICULTURAL DUST* 

VI. INSECTICIDES AND FUNGICIDES 

(1) The value, 1 ml (M/100) KIO 3 = 5.70 mg of Pyrethrum I, was 
adopted as the factor in the mercury reduction method for Pyrethrin I in 
pyrethrum powder and extracts (115, p. 67), (official, first action). 

(2) The following procedures were adopted as substitutes for the official 
lead chlorofluoride method for the determination of total fluorine (18, 
p. 49), (official, first action). 

TOTAL FLUORINE 
REAGENTS 

(ft) Fusion mixture. —Mix anhydrous NaiCO* and E 2 CO, in equimolecular pro¬ 
portions. 

(b) Lead chlorofluoride wash soln. —Dissolve 10 g of Pb(NOi)i in 200 ml of H*0; 
dissolve 1 g of NaF in 100 ml of HsO and add 2 ml of HC1; and mix these 2 solns. Al¬ 
low precipitate to settle and decant supernatant liquid. Wash 4 or 5 times with 200 


Subject for future study. 
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ml of HjiO by decantation, and then add ca 1 liter of cold H a O to precipitate and 
allow to stand 1 hour or longer, with occasional stirring. Pour through filter and use 
clear filtrate. By adding more H s O to the precipitate of PbCIF and stirring, more 
wash soln may be prepared as needed. 

(c) Standard silver nitrate soln .—0.1 or 0.2 N. Standardized by titration against 
pure NaCl, using K 2 Cr0 4 indicator. 

(d) Standard potassium or ammonium thiocyanate soln. —0.1 N . Standardize by 
comparing with the standard soln of AgNO s under the same conditions as obtained 
in the determination. 

(e) Ferric indicator. —Add to cold saturated soln of ferric alum (free from Cl) 
sufficient colorless UNO* to bleach the brown color. 

(f) Bromophenol blue indicator. —Grind 0.1 g of the powder with 1.5 ml. of 0.1 N 
NaOH soln and dilute to 25 ml. 


DETERMINATION 

(1) Samples difficult to decompose such as cryolite; and others that contain aluminum 
or appreciable quantities of silicious material. —Mix 0.5 g of sample (or less if neces¬ 
sary to make content of F 0.01 to 0.10 g) with 5 g of fusion mixture and 0.2-0.3 g of 
powdered silica, cover with 1 g of fusion mixture, and heat to fusion over Bunsen 
burner. (Use of blast lamp is not required as it is only necessary that the mass be 
fluid, and it is preferable not to heat much beyond the temp, at which it melts. 
If much A1 is present, a uniform, clear, liquid melt cannot be obtained. There will be 
particles of a white solid separated in the liquid. The melt after cooling should be 
colorless, or at least should not have more than a gray color.) 

Leach cooled melt with hot H 2 0 and filter into a 400 ml beaker when disintegra¬ 
tion is complete. Return insoluble residue to Pt dish by use of jet of H 2 0, add 1 g of 
NaiCOs, make to volume 30-50 ml, boil for a few minutes, disintegrating any lumps 
with glass rod flattened on end, filter through same paper, wash thoroughly with 
hot H 2 0, and adjust volume of filtrate and washings to ca 200 ml. Add 1 g of ZnO 
dissolved in 20 ml. of UNO* (1+9), boil 2 min. with constant stirring, filter, and 
wash thoroughly with hot H a O. During this washing return the gelatinous mass to 
beaker three times and thoroughly disintegrate in the wash soln because it is difficult 
to wash this precipitate on filter. (The mass can easily be returned to beaker by 
rotating funnel above beaker and at the same time cutting precipitate loose from 
paper with jet of wash soln.) 

Add 2 drops of bromophenol blue, and with a cover-glass almost over the beaker 
add HNO* (1+4) until color just changes to yellow. Make soln slightly alkaline 
with 10% NaOH, and with cover-glasses on the beakers boil gently to expel C0 2 . 
Remove from burner, add the HNO* until color just changes to yellow and then the 
dilute NaOH until color just changes to blue, and add 3 ml of 10% NaCl. (Volume of 
soln at this point should be 250 ml.) 

Add 2 ml of HC1 (1 +1) and 5 g of Pb(NOs)j and heat on steam bath. As soon 
as the Pb(NOi) 2 is in soln, add 5 g of Na acetate, stir vigorously, and digest on steam 
bath 30 min. with occasional stirring. Allow to stand overnight, and wash precipi¬ 
tate, beaker, and paper once with cold H*0, then 4 or 5 times with a cool saturated 
soln of PbCIF and then once more with cold H 2 0. 

Transfer precipitate and paper to beaker in which precipitation was made, stir 
paper to pulp, add 100 ml of HNO* (5+95), and heat on steam bath until precipitate 
is dissolved. (5 min. is ample to dissolve this precipitate. If sample contains an ap¬ 
preciable quantity of sulfates the precipitate will contain PbS0 4 , which will not 
dissolve. In such a case heat 5-10 min. with stirring and consider the PbCIF to be 
dissolved.) Add a slight excess of 0.1 N or 0.2 N AgNOa soln, digest on steam bath 30 
min., cool to room temp, while protected from light, filter, wash with cold H 2 0, 
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and determine AGNO* in the filtrate by titration with the standard thioeyanate 
soln, using 10 ml of the ferric indicator. Subtract quantity of AgNO« found in the 
filtrate from that originally added. The difference will be that required to combine 
with the Cl in the PbCIF, and from this difference calculate percentage of F in sam¬ 
ple on basis that 1 ml of 0.1 N AgNOi-0.0019 g of F or 0.2 N AgNO«-0.00380 g 
of F. 

(2) Watersoluble fluorides in presence of up to 50% organic matter such as flour, 
pyrethrum, tobacco powder, and derrie or cube powders, which are readily decomposed 
without addition of powdered silica and free from or contain only small quantities of 
aluminum or silicious compounds .—Mix 0.5 g (or less if necessary to make content of 
F fall between 0.01 and 0.1 g) of sample with 5 g of fusion mixture, cover with 1 g of 
fusion mixture, and heat to fusion over Bunsen burner. Leach cooled melt with hot 
water, filter into a 600 ml beaker when disintegration is complete, and wash thor¬ 
oughly with hot HjO. Proceed as directed under (1), beginning “Add 2 drops of bro- 
mophenol blue, and with cover-glass almost over the beaker add HNO* (1 +4) until 
the color just changes to yellow.” 

(3) Water-soluble samples in absence of organic matter and appreciable quantities 
of sulfates or aluminum salts .—In the absence of organic matter or other interfering 
substances the fusion may be omitted and determination made on an aliquot of a 
water-soluble soln containing between 0.01 and 0.1 g of F, as directed in (1), begin¬ 
ning “Add 2 drops of bromophenol blue.” 

In the presence of aluminum, as in samples containing sodium silicofiuoride and 
potassium aluminum sulfate, transfer sample to 400 ml beaker, dissolve in 150 
ml of hot water, add 6 g of the fusion mixture, and boil. Add 1 g of ZnO dissolved in 
20 ml of HNO* (1 +9), boil 2 min. with constant stirring, filter into a 500 ml volu¬ 
metric flask, and wash thoroughly with hot H a O. Cool to room temp, and make to 
volume. Transfer a 200 ml aliquot containing 0.01-0.10 g of F to a 600 ml beaker 
and proceed as directed in (1), beginning “Add 2 drops of bromophenol indicator.” 

(4) Sodium and magnesium silicofluorides in absence of aluminum and boron, with 
or without organic matter .—With large quantities of sodium silicofiuoride and some of 
the more volatile silicofluorides, for example magnesium, where there is a possibility 
of some of the F being evolved as SiF* before the melt with the fusion is effected, dis¬ 
til the F as directed in 23, p. 51, and determine F in distillate. Add several drops of 
bromophenol blue, make alkaline with NaOH, and adjust volume to ca 250 ml by 
gently boiling volume down from 400 to 260 ml. Proceed as directed under (1), be¬ 
ginning “Remove from burner, add HNO* (1+4).” 

(5) Samples containing large quantities of organic matter or appreciable quantities 
of sulfates .—Proceed as directed in (4). If sample contains over .8 g of organic mat¬ 
ter, make distillate alkaline with NaOH, evaporate to 25-30 ml, and re-distil. 

Notes: These procedures give accurate results for quantities of F between 0.01 
and 0.10 g. Below 0.01 g the results have a tendency to be slightly low and above 
0.10 slightly high. A convenient sample to fuse is one that contains 0.07-0.08 g of 
F, and it is inadvisable to use too large a sample as an incomplete fusion may result. 
Large quantities of boron compounds and alkali salts retard or prevent the complete 
precipitation of lead chlorofluoride. Boron has a greater effect when the quantity 
of F is large than when it is small. In the procedures described boron has little effect, 
and it may be disregarded in the analysis of insecticides if the quantity of F to be 
precipitated is not more than 0.03 g. With some compounds containing borax or 
boric aid, where it is difficult to obtain a representative mixture when an extremely 
small sample (0.1 g) is used for analysis, a larger sample may be taken and the lead 
chlorofluoride precipitated from an aliquot of the fusion soln. The quantity of alkali 
carbonates specified in the fusion ana in washing of the insoluble residue is not 
large enough to cause low results. If sample contains S, it should be removed with 
CS 2 , and F determined on air-dry residue, allowance being made in calculations for 
percentage of S removal. 
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VII. CAUSTIC POISONS 

No additions, deletions, or other changes. 

VIIL NAVAL STORES 

No additions, deletions or other changes. 

IX. PAINTS, VARNISHES AND CONSTITUENT MATERIALS 

No additions, deletions, or other changes. 

X. LEATHERS 

No additions, deletions, or other changes. 

XI. TANNING MATERIALS 

No additions, deletions, or other changes. 

XII. PLANTS 

The following methods for the determination of chlorophyl were 
adopted as tentative: 

CHLOROPHYL 

Photoelectric Colorimetric Method for Total Chlorophyl Only l * 2 

1 APPARATUS 

(a) Filter paper .—A good grade or quantitative paper to fit the Biichner funnels if 
used. 

(b) Flasks. —Suction flasks of 500 ml capacity and volumetric flasks of 100-500 
ml capacity. 

(c) Funnels. —Small Bilchncr funnels or sintered glass funnels of medium poros- 
ity. 

(d) Mortar and pestle. —A deep glass mortar ca 4* in diameter, with a well-defined 
lip, is recommended. 

(e) Photoelectric colorimeter. —Calibrate for chlorophyl by means of a plant ex¬ 
tract as directed in 3, using light filters that give maximum light transmission near 
6600 A. (A combination of Corning H. R. light filters Nos. 243 and 396 is suitable for 
this purpose.) 

(f) Wash bottles .— The type fitted with a rubber bulb, which permits operation 
with one hand, is recommended. 

(g) Waring blendor or similar machine. —Vessels similar to No. 3, shown in This 
Journal , 25, 583, possess advantages over the original blendor container. 

(h) Wiley mill or similar grinding machine .— If dried samples are to be analyzed. 

(i) Hand shears or scissors and rubber policeman. 

2 REAGENTS 

(a) Acetone. —Undiluted acetone and 85% soln by vol. Commercial acetone of 
technical grade is satisfactory. 

(b) Calcium or sodium carbonate .— C. P. grade. 

(c) Quartz sand .— Acid-washed and dried. 

3 DETERMINATION 

Select field material carefully to insure a representative sample. Remove a 
representative portion from field sample, and if fresh material, cut finely with hand 

* Petering, Wolman, and Hibbard, Ind. Eng. Chem., Anal. Ed. t 12, 148 (1940). 

* Comar, Benne, and Buteyn, Ibid., 15, 624 (1943). 
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shears and mix as thoroughly as possible. Grind dried material in a mill and mix 
thoroughly. Weigh 1-5 g into the mortar and add a small quantity (ca 0.1 g) of 
CaCOs or N&tCOs. Macerate tissue with pestle, add the quarts sand, and grind for 
a short time; then add the 85% acetone soln, a little at a time, and continue grinding 
until tissue is finely ground. Transfer mixture to funnel, draw off soln with suction, 
and wash residue with the 85% acetone soln. Return residue to mortar with more 
acetone soln and grind again. Filter, and wash as before. Repeat this procedure until 
tissue is devoid of green color and washings are colorless. (It is advisable to grind the 
residue at least once with undiluted acetone and then to add sufficient HiO at the 
end to bring it to 85% soln. A Waring blendor or similar machine may be used for 
macerating and extracting the tissue instead of the mortar (see 6), but each investi¬ 
gator should satisfy himself that complete extraction of the tissue is accomplished 
by the device used.) When extraction is complete, transfer filtered extract to vol¬ 
umetric flask of appropriate size and make to volume. 

Measure the percentage of light transmitted by the soln with a photoelectric 
colorimeter that has been calibrated for chlorophyl by use of a plant extract as de¬ 
scribed below. Read the amount of chlorophyl present from the curve relating light 
transmission and concentration. Express chlorophyl values as mg/g of tissue, or in 
other convenient manner. 

Calibration of the photoelectric colorimeter is accomplished as follows: Extract 
a sample of fresh, green leaf material with the 85 % acetone soln, filter, wash residue, 
and make extract to volume as directed above. Make a series of dilutions of the ex¬ 
tract and measure the % of light transmitted by the original and by each of the 
diluted solutions with the instrument in the same manner as when a chlorophyl 
preparation is being used as the calibration standard. Transfer an aliquot of the 
original extract to diethyl ether and evaluate total chlorophyl by the spectrophoto- 
metric method as directed in 6 (b) and (c), From the value thus obtained calculate 
the chlorophyl content of the original extract and that of each of the diluted solns, 
and construct the curve relating concentration of chlorophyl and % of light trans¬ 
mitted, or the logio /o /1 values, as usual. 

Spectropkotometric Method for Total Chlorophyl and the 
a and b Components* 

APPARATUS 

The apparatus listed under 1 with the exception of the photoelectric colorimeter 
and Wiley mill, plus the following: 

(a) Bottles. —Small reagent bottles of ca 60 ml capacity, with either glass or cork 
stoppers, are convenient receptacles in which to bring the diethyl ether solns to the 
proper dilution. 

(b) Pipets. —Volumetric pipets of various capacities are required for making 
necessary dilutions, also straight dropping pipets (medicine droppers). 

(c) Scrubbing tubes for washing ether solns. —Open tube of ca 20 mm diameter, to 
one end of which is sealed a tube of smaller diameter drawn to a fine jet at the lower 
end. 

(d) Separatory funnels. —250-500 ml capacity. 

(e) Double-deck separatory funnel support. 

(f) Spectrophotometer. —Must be capable of isolating a spectral region of ca 30 A 
near 6600 A with negligible stray radiation. Tubulated cells with tightly fitting glass 
stoppers are recommended for work with diethyl ether. 


* Comar. C. L.. Ind. Eng. Chem., Anal . Ed., 14, 877 (1942). 
4 Comar and Zscheile, Plant Physiology, 17, 198 (1942). 
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5 REAGENTS 

Those listed under 2 plus the following: 

(a) Diethyl ether. —Commercial ether designated as purified for fat extraction is 
satisfactory without further purification. 

(b) Sodium sulfate. —C. P. grade, anhydrous. 

(c) Trisodium phosphate. —Glassware should be washed with a strong soln of this 
salt in order to remove traces of acid that might tend to decompose chlorophyl. 

6 DETERMINATION 

(a) Extraction of chlorophyl from tissue. —Select and prepare sample as directed in 
3. Disintegrate a weighed portion (2-10 g, depending upon chlorophyl content) of 
fresh plant tissue in a Waring blendor cup, which contains a small quantity (ca 
0.1 g) of CaCO*, or by use of a mortar as described in 3. After the tissue is thoroughly 
disintegrated, filter extract through a BQchner funnel fitted with a quantitative filter 
paper. Wash residue with the 85 % acetone soln, and if necessary use a little diethyl 
ether to remove the last traces of pigment. If extraction is incomplete, return residue 
and filter paper to blendor container with more acetone soln and repeat extraction. 
Filter, and wash as directed previously into flask containing the first filtrate. Trans¬ 
fer filtrate to volumetric flask of appropriate size and make to volume with the 85% 
acetone. Pipet an aliquot of 25-50 ml into a separatory funnel containing ca 50 ml of 
diethyl ether. Add H a O carefully until it is apparent that all the fat-soluble pigments 
have entered the ether layer. Draw off and discard the water layer. Place the sepa¬ 
ratory funnel containing the ether soln in the upper rack of the support. Add ca 100 
ml of H*0 to a second separatory funnel and place it in the rack below the first. Set 
the scrubbing tube in place and allow ether soln to run through it to bottom of lower 
funnel and rise in small droplets through the H 2 0. When all soln has left upper fun¬ 
nel, rinse it and scrubbing tube with a little ether added from a medicine dropper. 
Place scrubbing tube in upper funnel and exchange its place in the support with the 
funnel now containing the ether soln. Draw off and discard the H 2 0 in upper funnel, 
add a similar portion of fresh H*0 to lower funnel, and repeat washing process. Con¬ 
tinue washing ether soln until all acetone is removed (5-10 washings). Then transfer 
ether soln to 100 ml volumetric flask, make to volume, and mix. 

(b) Spectrophotometric measurements. —Add ca teaspoonful of anhydrous NajSCL 
to 60 ml reagent bottle, and fill it with the ether soln of the pigment. When this soln 
is optically clear, pipet an aliquot into another dry bottle and dilute it with sufficient 
dry ether to cause the logio Io/I value to fall between 0.1 and 0.8 at wave length to be 
used. The most favorable value is near 0.6 at 6600 A, since such a soln will yield a 
satisfactory value at 6425 A. Fill two clean glass-stoppered absorption cells with 
dry ether by use of pipet, and polish outside surfaces of each, first with cotton w'et 
with ethanol and then with dry cotton. Place cells in instrument, and determine 
whether each gives the same galvanometer deflection. If not, clean again or select 
cells that do, and do this daily. Empty one cell, fill it with the dried ether soln, and 
place in instrument. Adjust entrance and exit slits until spectral region isolated is 
30-40 A at 6600 A. Determine whether instrument is in proper adjustment for wave 
length by taking readings through the solvent and the soln at intervals of 10 A from 
6580-6650 A. Calculate the logio Io/I value for each wave length at which readings 
were taken. The highest value should occur at 6600 A; if it does not, adjust machine 
until it does or make the 6600 A readings at the wave length setting that gave the 
highest value. In the case of a grating instrument apply the same correction at 
6425 A; however, with a prism instrument the correction at 6425 A must be obtained 
from a wave-length calibration curve for the particular instrument in use. Calibrate 
instrument for wave length in this way often enough to insure that it remains in 
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proper adjustment. Take I 0 and I readings at 6600 and 6426 A (or the corrected set¬ 
tings) for each unknown soln. 

(c) Calculation of chlorophyl concentration .—Calculate the log w Io/I values for each 
of the readings made, substitute them in the following simplified equations, and solve 
for total chlorophyl and each of the a and b components as follows: 

(1) Total chlorophyl (mg/1) » 7.12 logio (at 6600 A) + 16.8 log l0 ~ (at 6425 A). 

Io I 

(2) Chlorophyl a (mg/1) - 9.93 log 10 y (at 6600 A) - 0.777 log 10 y (at 6425 A). 

(3) Chlorophyl b (mg/1) - 17.6 log,„ y (at 6425 A) - 2.81 logio y (at 6600 A). 


SUPPLEMENTARY INFORMATION 


t 


The factors involved in the spectrophotometric analysis of the chlorophyl system 
have been discussed in detail by Comar and Zscheile. 4 These authors used Beer’s 
law in the form: 


c 



where 


Io is intensity of light transmitted by solvent-filled cell, 
I is intensity of light transmitted by soln-filled cell, 
c is concentration of chlorophyl (g/liter), 
o is specific absorption coefficient, and 
1 is thickness of solution layer in cm. 


Since at a given wave length the observed logi 0 Io/I value of a soln having two 
components represents the sum of the logio Io/I values of each of the components, 
the following equation obtains in the case of chlorophyl a and b at a given wave 
length: 

(4) (logio y) observed = (logio y) + (logio y)y 


If a 1 cm cell is used this equation may be expressed as: 


( 5 ) 


(logio y) 


observed 


a a c a + abCb. 


The concentrations of chlorophyls a and b in a given diethyl ether soln can now 
be calculated by the use of equation (5) as follows: 

(a) Determine logio Io/I values for the soln at two different wave lengths (6600 
and 6425 A have been found advantageous for this purpose). 

(b) Select proper specific absorption coefficients corresponding to the wave 
lengths used from the table. 

(c) Substitute the observed logio Io/I value and the specific absorption coefficient 
in equation (5) for each of the two wave lengths used as illustrated for 6600 and 6425 
A in equations (6) and (7). Solve these two equations simultaneously for the two 
unknowns, the concentrations of chlorophyls a and b. 

(6) logio y (at 6600 A) - 102c. + 4.50c 4 . 

log,o y (at 6425 A) - 16.3c. + 57.5c,,. 

Equations (1), (2), and (3) were derived in this way. 


(7) 
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The criterion for the accuracy of the chlorophyl values as determined by the 
spectrophotometric method is the agreement between analytical results as deter¬ 
mined from measurements at different wave lengths. It has been demonstrated by 
Comar & Zscheile 4 that measurements at 6600 and 6425 A are convenient for routine 
analysis; however, readings may be made at other wave lengths to check these 
values. Specific absorption coefficients for chlorophyl a and b in diethyl ether soin 
that may be used for this purpose are presented in the following table. 


Absorption constants used in analysis 
(After Comar and Zscheile 4 ) 


Wave length 

A 

6600 

6425 

6000 

5810 

5680 

6130 

5890 


Specific absorption coefficients 
(For diethyl ether solns) 
Chlorophyl a Chlorophyl b 

102. 4.50 

16.3 57.5 

9.95 9.95 

8.05 8.05 

7.11 7.11 

15.6 8.05 

5.90 10.3 


These values may be used for calculations as follows: 

(a) Values for total chlorophyl and percentage composition may be calculated 
from absorption values at 6600 and 6425 A as described. 

(b) Check values for total chlorophyl may be calculated from the absorption 
values at the intersection points 6000, 5810 and 5680 A. 

(c) Check values for percentage composition may be calculated from the ab¬ 
sorption values for each of the points 6130 and 5890 A in combination with a value 
of total concentration as obtained from (a) or (b). 

XIII. BEVERAGES (NONALCOHOLIC) AND CONCENTRATES 

No additions, deletions, or other changes. 

XIV. MALT BEVERAGES, SIRUPS AND EXTRACTS, 

AND BREWING MATERIALS 

(1) The following method for the determination of bushel weight was 
adopted as an alternative tentative method, but it is not to be used to 
determine bushel weight for the purpose of determining compliance with 
the requirement of the U. S. Grain Standards Act. 

BUSHEL WEIGHT 

Weigh 110 g of the sample to the nearest 0.1 g and pour evenly into a metal fun¬ 
nel provided with a plunger discharge and placed on top of a 250 ml Normax cylin¬ 
der graduated to meet N.B.S. specifications. (The funnel must fit snugly into the 
graduate and be sufficiently large to accommodate the grain without danger of spill¬ 
ing when the plunger is raised.) Then drop the material into the cylinder by pulling 
plunger up. Do not jar or tap the cylinder during this operation or before reading the 
volume, and do not read the very upper grain level, as compensation must be made 
for the ends of the few kernels that protrude. If the grain surface has a slant, repeat 
the test. 

Make the calculation, which is based on the consideration that the Winchester 
bushel used in this country holds 2150.42 cu. in. or 35.239 ml, as follows: 
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X — W/Y, where X represents bu. wt. in lbs., Y the volume in Winchester bushels, 
and W the weight in lbs. If weight is constant (K), X «K/Y or XY—K. To ascertain 
K, let bushel weight equal unity, then with the constant weight of sample in the test 

110 g— 

1 lb. 453.6 g 110 g 

—— « —r « — 77 —r * Therefore K « 8545 and bushel weight m lbs. 

1 bu. 35.239 ml 8545 ml 

__8545_ 

volume occupied by 110 g sample in ml 

( 2 ) The methods for the analysis of caramel malt and black malt pub¬ 
lished in This Journal , 26, 300-301, were adopted as tentative. 

(3) The ferricyanide modification for the determination of reducing 
sugars after diastasis was adopted as a tentative optional alternative pro¬ 
cedure in the method for the determination of diastatic power (48, p. 161). 
Paragraph 48 has been rewritten as follows to show this revision as well 
as that recommended at the last meeting by Rask (This Journal, 25, 82): 

DETERMINATION 

Grind separately not over 25.5 g of malt as directed under 45. Collect the finely 
ground malt in mash beaker, carefully brushing in the malt particles remaining in 
mill. Without delay, adjust weight of contents to 25 g (±0.05 g). Transfer quanti¬ 
tatively to container (capacity ca 1 liter) in which infusion is to be made. Add 500 
ml of freshly distilled H a O and close container. Let infusion stand 2.5 hours at 20° 
(±0.2°) and agitate by rotation at 20 min. intervals. Take care that in agitation of 
malt suspension as small a quantity as possible of grist is left adhering to inner sur¬ 
face of flask above level of the H a O. (Mixing by inverting the flask is specifically cau¬ 
tioned against; gentle whirling of contents without splashing on sides of container 
has been found to be sufficient.) Filter infusion by transferring entire charge to 30-32 
cm fluted filter (CS and S No. 588 or its equal in quality) contained in 175 mm fun¬ 
nel. Return first 50 ml of filtrate to the filter. Collect filtrate until 3 hours shall have 
elapsed from time the H a O and ground malt were first mixed. Prevent evaporation 
during filtration period as far as possible by placing a watch-glass over funnel and 
some suitable cover around stem of funnel, resting on neck of receiver. 

Immediately dilute 90 ml of the above fusion to 100 ml at 20°, transfer 10 ml of 
this fusion to a 250 ml volumetric flask, and bring to 20°. Add 200 ml of buffered 
stock soln from a fast-flowing pipet, all at 20°. Mix soln by rotating flask during the 
addition. Maintain the “starch infusion” mixture at 20° (±0.2°) for exactly 30 min., 
timed on a stop-watch from time addition of starch was begun. Add 20 ml of 0.5 N 
NaOH rapidly and mix well by whirling the flask. Make to mark at 20° and mix 
thoroughly. (For heating soln an electric plate is preferable to a gas flame.) 

Determine reducing power by (a) Fehling’s modification, or (b) the ferricyanide 
modification. 

(a) Fehling’s modification. —Boil 10 ml of the Fehling soln and 10 ml of H*0 in 
small flask with narrow neck (200 ml Erlenmeyer). Add from buret ca } of amount of 
above digested starch soln probably required and boil 15-20 seconds, rotating con¬ 
stantly. Remove from flame. If still decidedly blue, add more soln, boil ca 10 sec¬ 
onds, and again observe color. When blue color has been almost discharged, and 
after boiling gently ca 2 min., add 3 drops of a 1 % aqueous methylene blue soln. 
Continue boiling and add more soln until 0.1 ml, or even 1 drop, upon boiling, dis¬ 
charges the blue color. (Color becomes violet-lavender as end point nears.) 
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Repeat titration, adding at onee almost whole amount of digested starch re¬ 
quired and proceed to end point as directed. Let amount of digested starch soln re¬ 
quired to reach end point in this second titration be called A. Interrupt boiling as 
little as possible after indicator has been added, so that flask remains filled with 
steam, preventing much access of air. Upon cooling the blue color usually returns. 

(b) Ferricyanide modification .—Proceed as directed in 47 and 48, p. 225, using 
a 5 ml aliquot (no soluble starch indicator is necessary). Subtract number of ml of 
0.05 N Na thiosulfate used in titration from number of ml obtained in titrating the 
blank and mutliply by 23 to obtain degrees Lintner on “as is” basis. Convert to dry 
basis in usual manner. 

Degrees Lintner X4« mg of maltose equivalent. Report diastatic power values 
both as degrees Lintner and mg maltose equivalent until such time as degrees Lint¬ 
ner can be dropped. 

(4) The methods for the sampling of hops and for the determination of 
leaves, stems, seeds, moisture, and total soft (alpha and beta) and hard 
(gamma) resins in hops, published in This Journal , 25, 292-296, and re¬ 
vised by the associate referee this year, were adopted as tentative. The 
changes are as follows: 

(a) In 2(f), p. 293, 2nd paragraph, 2nd line, change the phrase “dropping the 
same” to read, “using a circulatory motion, and drop onto.” In the same paragraph 
2nd line from end after “0.01 gram” insert the following sentence: “By means of 
forceps remove all particles of spindles from the seed in the tared dish before weigh¬ 
ing.” 

(b) In 3, p. 294, line 3, change the sentence to read, “Pass the hops evenly and 
slowly through the grinder, taking care to avoid choking of the orifice, thus prevent¬ 
ing undue heating of the hops.” 

(c) In 4(3), p. 294, change “1 hour” to “2 hours,” and in the 2nd line, 2nd para¬ 
graph, after the words “70 mm dish” add the following sentence: “The amount of 
hops and the dimensions of the dishes used are important for accurate results.” 

(d) In 6, line 4, before “100 ml” add word “about”; on p. 295, line 6, after the 
words “Wash the paper and funnel,” add “thoroughly until all traces of resin are 
dissolved, and”; in next paragraph, line 4, after word “flask” add “or Soxhlet ex¬ 
traction flask,” and change the remainder of this paragraph to read as follows: 
“Evaporate off the solvent by distillation on a water or steam bath at 60°C., using 
vacuum and driving off the last 5-10 ml by applying suction to the flask while it is 
kept immersed in the water or steam bath until constant weight is obtained (usually 
after 5 min.). Weigh the flask after it has stood near the balance for 30 min.”; and 
change the last paragraph to read as follows: “Use vacuum during distillation and 
concentration of the petroleum benzin extract and drying of the residue. In place of 
either a distillation flask or Soxhlet extraction flask, a large sized aluminum moisture 
dish may be used. % of soft resin ■* weight of resin X100.” 

(e) In 7(a), p. 295, par. 1, line 3, after word “flask,” insert the words “or other 
suitable flask”; in line 4, after “60°” insert the words “using vacuum and” and delete 
“CO* and”; in line 6 after the wordi “flask” insert the words “by warming”; at the 
end of par 1, on p. 296, change the statement in parentheses to read, “This quantity 
is usually sufficient to precipitate alpha resin from hops having average composition 
of 16-19% of soft resins”; and change the first sentence of the last paragraph to 
read as follows: “In determining the alpha resin content of hops with an exception¬ 
ally high or exceptionally low content of soft resins it will require 1 or 2 ml more or 
less of the lead acetate reagent for satisfactory results.” 
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(5) The following methods for the determination of moisture, extract, 
fermentable extract, and protein in brewing sugars and sirups (Am. Soc. 
Brew. Chem., 1940, pp. 2-8) were adopted as tentative: 

BREWING SUGARS AND SIRUPS 

1 MOISTURE 
Calculate by difference, as follows: 

100—Extract % (Plato) - % Moisture. 

2 EXTRACT 

DETERMINATION 

Accurately weigh ca 50 g of a well mixed, representative sample, dissolve in warm 
H a O, transfer quantitatively to a 500 ml flask, and bring volume up to 500 ml at 20°. 
After thorough mixing, accurately determine by means of a suitable pycnometer, 
the sp. gr. of this “10% soln” at 20°/20°. Standardize pycnometers and determine 
sp. gr. as directed under 42-44, pp. 157-160. 

3 CALCULATION 

Obtain the extract corresponding to the sp. gr. from the tables based upon de¬ 
terminations by Plato and published by the American Society of Brewing Chemists. 

Calculate % extract in sample after correcting for sp. gr. of the “10% soln” as 
follows: 

Extract % (Plato) = P XB X500/W, where P =*extract % (Plato) of “10% soln”; 
B ** specific gravity of “10% soln”; and W **actual weight (ca 50 g) taken. 

Report to first decimal place. 

Degrees Baumt .—Report equivalent Baum4 degrees (Modulus 145) determined 
by reference to the tables published by the American Society of Brewing Chemists. 
Report to first decimal place. 

4 FERMENTABLE EXTRACT 

DETERMINATION 

Ferment 250 ml of the “10% soln” of the sample (2), with the equivalent of 5 g of 
washed, active brewers* compressed yeast at a temp, of 15-25°C. (0O-77°F.) for 48 
hours or until fermentation is complete. In the case of refined sugars and sirups, such 
as corn sirup, add to the soln before fermenting 0.8 g of secondary K2HPO4 crystals, 
1 g of primary NH4H2PO4, and 0.5 g of dried yeast extract, standardized for bac¬ 
teriological culture media purposes, as nutrients. If such nutrient material needs to 
be added, redetermine the extract of the “10% soln” after the addition of the nutri¬ 
ent material, but before adding the yeast. Use fermentation flasks equipped with 
water seals and shake flasks several times a day during fermentation. 

5 REAL EXTRACT 

DETERMINATION 

When fermentation is complete, filter the soln and determine real extract in the 
filtrate as directed under 4. 

6 CALCULATION 
Use the following formulas: 

Fermentable Extract (dry basis) « —— X 100, and 

(p — n) 

Fermentable Extract (as received) — —-— X extract in sample, 
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where P “real extract of “10% soln” before the addition of any nutrients; 
p — real extract of “10% soln” before fermentation; and 
n “real extract of “10% soln” after fermentation. 


If nutrients have not been used (as in case of malt sirups) p “ P, and will have 
been determined under 2 , and no re-determination before fermentation is required 
in such a case. 

Report to first decimal place. 

7 PROTEIN 

Transfer 25 ml of the “ 10 % soln” ( 2 ) to a Kjeldahl digestion flask, and proceed 
as directed under 18, p. 152. 

Percent protein (N X6.25) in original, “as is” 


sample 


(ml 0.1 N H 2 SO 4 — ml 0.1 N NaOH) X0.0014 X6.25 X500 
25 XW 


X100, 


where W“actual weight of sample used in preparing the “ 10 % soln.” 
Report to second decimal place. 


(6) The method for the determination of chlorides in beer (26,155) was 
made official (final action). 

(7) The method for the determination of sulfur dioxide in beer (21, 
p. 154) was made official (final action). 

(8) The method for the determination of color in beer (2, p. 150) was 
made official (final action). 

XV. WINES 

The tentative method for the determination of sulfurous acid (38, p. 
170), modified as shown in This Journal, 25, 82, was adopted as official 
(final action). 

XVI. DISTILLED LIQUORS 

No additions, deletions, or other changes. 

XVII. BAKING POWDERS AND BAKING CHEMICALS 

No additions, deletions, or other changes. 

XVIII. COFFEE AND TEA 

No additions, deletions, or other changes. 

XIX. CACAO BEAN AND ITS PRODUCTS 

(1) The method for the determination of milk protein in milk chocolate 
(official, first action), (This Journal, 25, 83) was made official (final 
action). 

(2) The tentative method for the determination of milk proteins (9, 
201 ) was deleted. 

(3) The tentative method of calculating milk fat in milk chocolate (14, 
p. 204) was deleted. 

XX. CEREAL FOODS 

(1) The following method for the determination of iron in flour and 
bread was adopted as tentative: 
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nos nr floto and bread 

PREPARATION 07 SAMPLE 

Slice bread, allow to air-dry until in equilibrium with air, and crush to ca 20-mesh 
size on wooden surface with wooden rolling pin. (Grinding may be done in mill if 
experiments show no increase in Fe due to grinding on the particular material under 
examination. In general, grinding in mills increases the iron content.) 

REAGENTS 

(ft) Ortho-phenanthroline soln. —Dissolve 0.1 g of orthophenanthroline in ca 80 
ml of H 2 O at 80°, and after cooling, dilute to 100 ml. 

(b) Alpha-alpha, dipyridyl soln. —Dissolve 0.1 g of alpha-alpha dipyridyl (East¬ 
man Co.) in H 2 O and dilute to 100 ml. 

(Keep Reagents (ft) and (b) in cool, dark place and they will remain stable for 
several weeks.) 

(c) Hydroxylamine hydrochloride soln. —Dissolve 10 g of hydroxylamine hydro¬ 
chloride in water and dilute to 100 ml. 

(d) Magnesium nitrate soln. —Dissolve 50 g of Mg (NO*)* - 6H*0 in H*0 and dilute 
to 100 ml. 

(e) Acetate buffer soln. —Dissolve 8.3 g of C.P. anhydrous Na acetate (previously 
dried at 100°) in H*0, add 12 ml of glacial acetic acid, and dilute to 100 ml. (It may 
be necessary to redistil the C.P. glacial acetic acid and purify the Na acetate by re¬ 
crystallization from H*0, depending on amount of iron present.) 

PREPARATION OF REFERENCE CURVE 

(1) Dissolve 0.1 g of analytical grade iron wire in 20 ml of HC1 and 50 ml of wa¬ 
ter, and dilute to 1 liter. Dilute 100 ml of this soln to 1 liter. Each ml has 0.01 mg of 
iron (Fe). Or— 

(2) Dissolve 3.512 g of ferrous (NH 4 ),S0 4 in H,0 ((NH 4 ), Fe (S0 4 )*- 6H*OJ, add 
2 drops of HC1, and dilute to 500 ml. Dilute 10 ml of this soln to 1 liter. Each ml has 
0.01 mg of iron (Fe). 

Make 10 solns with 2.0, 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0, and 45.0 ml, 
respectively, from the finally diluted stock soln. Also run a blank. Add 2.0 ml of 
HC1 and dilute to 100 ml. Use 10 ml of each of these solns and follow the procedure 
as given under “Determination,” beginning “add 1 ml. of hydroxylamine soln.” Plot 
concentration against scale reading. 

DETERMINATION 

Ash 10.0 g of flour or air-dry bread in platinum, silica, or porcelain dish (ca 60 
mm diameter, 35 ml capacity) in accordance with method for ash, 5, p. 212. (Por¬ 
celain evaporating dishes of ca 25 ml capacity are satisfactory. Do not use flat- 
bottomed dishes of greater diameter than 60 mm.) Cool, and weigh if % ash is de¬ 
sired. Continue ashing until practically carbon free. To diminish ashing time, or for 
samples that do not burn practically carbon free, use one of the following ash aids: 
Moisten the ash with 0.5-1.0 ml of the Mg(NO*)* soln or with distilled HNO*. Dry 
contents and carefully ignite in muffle to prevent spattering. (A white ash with no 
carbon results in most cases.) Do not add these ash aids to self-rising flour or bread 
(products containing salt) in a platinum dish because of vigorous action on the dish. 
Cool, add 5 ml of HC1, evaporate to dryness on the steam bath, dissolve residue by 
adding, accurately measured, 2.0 ml of HC1, heat for 5 min. on steam bath with 
watch-glass on dish, wash off the watch-glass with H*0, filter into a 100 ml volumet¬ 
ric flask, cool, and dilute to volume. Pipet 10 ml of aliquot into a 25 ml volumetric 
flask, and add 1 ml of the hydroxylamine soln; in a few minutes add 5 ml of the buf- 
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fer soln and 1 ml of the ortho-phenanthroline or 2 ml of the alpha-alpha dipyridyl 
soln and majce to volume. Read the intensity of color in a 2 inch cell on the neutral 
wedge photometer, using the No. 51 filter (ca 510 wave length) or other suitable 
instrument of equivalent precision. From the reading, determine the concentration 
of iron from the equation of the line representing the standard points or by refer¬ 
ence to standard curve for known iron concentration. Determine blank on the re¬ 
agents and make correction. Calculate amount of iron in the flour or bread as mg per 
pound. Rinse all flasks, beakers, funnels, etc., with H a O before use, and filter all re¬ 
agents to remove suspended matter. 

(2) The following method for the determination of calcium was adopted 
as tentative: 

CALCIUM 

Use 50 ml aliquot of soln from preceding method for iron, dilute to ca 200 ml, and 
proceed as directed in 19, p. 339, as far as the words “and allow mixture,” 3rd line 
from end. Proceed as directed under 48, p. 366, beginning “Let stand overnight” 
except for titration with 0.05 AT KMnO*. Calculate Ca as mg/lb. 

(3) The electrometric procedure for the determination of hydrogen-ion 
concentration published in This Journal , 26, 109, was adopted as tenta¬ 
tive. 

(4) The following Hopkins revision of the Mannich-Lenz procedure for 
the determination of starch ( Canadian J. Research , 11, 751 (1934)) was 
adopted as tentative: 

STARCH 1 

REAGENT 

Calcium chloride soln .—Dissolve 2 parts of crystalline CaCl 2 -6H 2 0 in one part 
of H*0 and adjust to density of 1.30 at 20°. (This soln contains ca 33% of CaCl*.) 
Make faintly pink to phenolphthalein by adding 0.1 N NaOH. (Anhydrous CaCL 
may be used, but it is usually alkaline and requires the addition of acid to bring it 
to correct pH.) 

DETERMINATION 

Grind sample finely (100-mesh if possible) and weigh 2.0-2.5 g into a 50 ml 
round-bottomed centrifuge tube with lip. Wash with ether to remove fat, then with 
10 ml of ca 65% by weight aqueous alcohol (d 2 o 0.88) and stir thoroughly with a glass 
rod. Centrifuge (1) and pour off the soln. Repeat the washing until 60 ml of wash 
liquid has been used, stirring each time with same rod. 

Stir residue with 10 ml of H*0 and pour into a 200-250 ml Erlenmeyer flask. 
Complete transfer by washing out with a total of 60 ml of the CaCL soln containing 
2 ml of 0.8% acetic acid. Transfer rod to flask and bring mixture to boiling quickly 
over wire gauze, stirring frequently. Boil briskly for 15-17 min., taking precautions 
to prevent burning and foaming (2). Rub the particles on sides of flask down with 
the rod from time to time. 

Cool soln quickly in running H,0 and pour into a 100 ml volumetric flask, rinsing 
thoroughly with the CaCls soln from a wash-bottle with a medium jet. (In making up 
to mark, it is permissible to destroy the froth by adding one drop of alcohol.) 

After thoroughly mixing the sample pour ca 10 ml of the soln onto a fluted filter 
(Whatman No. 42 or 44), wetting paper completely. Allow filtrate to run dry and 
discard. Resume filtration, using a dry receiver, and collect 40-50 ml (3). 

* Thu Journal , 10.108; 11, 484:12, 390; 13, 447; 14,112; 15, 583; 16, 505; 17, 400; 18, 570; 19,621; 
20, 047; 21,360, 394; 22, 523; 23, 489; 24,113. 
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Polarize the liquid in a 10 cm tube, taking 2 sets of 10 readings each. (The aver¬ 
ages of the two sets should agree within 0.006°.) Calculate the starch content as 
follows: 


Percentage starch (4) 


100XAX100 

1X200XS 


SOX A 
S 1 


where A is observed rotation 


and S is weight of sample. 

Notes: 

(1) If no centrifuge is available wash samples on a filter paper, using a Pt cone 
and slight suction. 

(2) An Argand burner with a thin asbestos gauze will diminish foaming. 

(3) For filtering aids, Celite with Pyrex glass filters and Hirsch-type funnel with 
asbestos and suction are recommended. 

(4) 200 is arbitrarily taken as specific rotation for all starches until a better 
figure is worked out for individual starches. If a 200 mm tube and a saccharimeter 
are used, and 2 g of sample is weighed out and the mixture is made up to 100 ml, 
each °V will be multiplied by 4.3225 to give % of starch. 


(5) The methods for the determination of moisture and fat by acid 
hydrolysis in fig bars and raisin-filled crackers, published in This Journal , 
26,305), were adopted as tentative. 

XXI. COLORING MATTERS IN FOODS 
No additions, deletions, or other changes. 

XXII. DAIRY PRODUCTS 

(1) The tentative method for preparation of sample for analysis of 
frozen desserts containing insoluble particles ( This Journal , 25, 85), was 
adopted as official (first action), and the word “particles” was changed to 
“ingredients.” 

(2) The first line of the double dilution method for correcting the vol¬ 
ume of precipitate in the optical determination of lactose in milk (16, 
p. 271; This Journal , 25, 608) was changed to read “Weigh 65.8 g (2 N 
weight) of milk into each of two flasks graduated at 100 ml and 200 ml, 
respectively” (official, first action). 

XXIII. EGGS AND EGG PRODUCTS 

(1) The method for the determination of cholesterol published in This 
Journal , 25,87, was adopted as official (final action). 

(2) The open Carius method for the determination of salt in egg prod¬ 
ucts ( This Journal , 26,352) was adopted as an alternative official method 
(first action). 

XXIV. FISH AND OTHER MARINE PRODUCTS 
No additions, deletions, or other changes. 

XXV. FLAVORING EXTRACTS 
No additions, deletions, or other changes. 

XXVI. FRUITS AND FRUIT PRODUCTS 
(1) The volumetric method for the determination of P2O5 published in 
This Journal , 25,441, was adopted as tentative. 
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(2) The colorimetric method for the determination of P 2 06 (39, 347) 
was adopted as official (final action). First action as official is recorded in 
This Journal , 24, 39-41. 

(3) The official gravimetric method for the determination of P 2 0 6 (38, 
347) was deleted (first action). 

(4) The gravimetric chloroplatinate method for the determination of 
potassium published in This Journal, 26, 326, was adopted as official 
(first action). 

(5) The gravimetric cobaltinitrite method for the determination of 
potassium published in This Journal, 26, 330, was adopted as official (first 
action). 

(6) The volumetric chloroplatinate method published in This Journal , 
25, 232; the short gravimetric chloroplatinate method ( Ibid., 26, 473; 25, 
434); and the short volumetric method (Ibid., 26, 324) for the determina¬ 
tion of potassium were adopted as tentative. 

XXVII. GRAIN AND STOCK FEEDS 

(1) The following method for sampling feeding stuffs was adopted as 
tentative: 

SAMPLING FEEDING STUFFS 

Insert a sharp, closed-end sampler horizontally into the package. Take cores 
from not less than 10% of the bags present unless this process necessitates cores 
from more than 20 bags, in which case take core from 1 bag for each additional ton 
represented. If less than 100 bags, sample not less than 10 bags; if less than 10 bags, 
sample all bags. Thoroughly mix portions taken on clean oilcloth or paper, reduce 
by quartering to quantity of sample required, and place in air-tight container. 

(2) For the temperature of ashing, 600°C. was adopted as official (final 
action). 

(3) The method for the determination of starch (34, p. 361) in con¬ 
densed or dried milk products was made official (final action). 

(4) The method for the determination of soluble chlorine published in 
This Journal , 26, 89, was adopted as official (first action). 

(5) The following method for the determination of urea and ammonia- 
cal nitrogen (This Journal, 24, 79; as revised, Ibid., 25, 93) was adopted 
as official (final action). 

UREA AND AMMONIACAL NITROGEN 
REAGENTS 

(a) Standard acid. —See II, 19(a) or (b). 

(b) Standard alkali. —Sec II, 19(c). 

(c) Indicator. —See II, 19(h) or (i). 

(d) Defoaming soln. —Dissolve 50 g of diglycol stearate in 375 ml of benzol, 75 
ml of ethyl alcohol, and 250 ml of dibutyl phthalate, with warming if necessary. 

(e) Urease soln. —Prepare fresh soln by dissolving standardized urease in HaO 
so that each 10 ml of neutralized soln will convert the nitrogen of at least 0.1 g of 
pure urea. Suggested standardization procedure. —To determine alkalinity of com¬ 
mercial urease preparation dissolve 0.1 g in 50 ml of H 2 O and titrate with 0.1 N HC1, 
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using methyl red indicator. Add this quantity of 0.1 N HC1 to each 0.1 g of urease 
in preparing the urease soln. To determine the enzyme activity prepare ca 50 ml of a 
neutralized 1% soln. Add different quantities of soln to 0.1 g samples of pure urea 
and follow with the enzyme digestion and distillation as directed in the determina¬ 
tion. Calculate activity of the urease preparation from the quantity of this urease 
soln that converted the urea, thereby permitting complete recovery of the nitrogen 
by distillation. 

(f) Calcium chloride soln. —Dissolve 25 g of CaCla in 100 ml of H*0. 

DETERMINATION 

Place 2 g of sample in a Kjeldahl flask with ca 250 ml of H*0. Add 10 ml of the 
urease soln, stopper tightly, and let stand at room temp. 1 hour or at 40° for 20 min. 
Cool at room temp, if necessary. Use more urease soln if feed contains more than 5% 
urea (ca 12% protein equivalent). Rinse stopper and neck with a few ml of H*0. 
Add 2 g or more of MgO (heavy type), 1 ml of the CaClj soln, and 5 ml of the de- 
foamer soln, and connect flask with condenser by means of Kjeldahl connecting 
bulb. Distil 100 ml of the liquid into a measured quantity of the standard acid, and 
titrate with the standard alkali, using cochineal or methyl red indicator. 

XXVIII. MEAT AND MEAT PRODUCTS 

The tentative method for the detection of agar agar ( This Journal , 25, 
93) was adopted as official (first action). 

XXIX. METALS IN FOODS 

(1) The following method for the determination of fluorine and a rapid 
method restricted to fluorine residues on apples and pears, which is in¬ 
cluded in the same copy, were adopted as tentative: 

FLUORINE* 

1 PRINCIPLES 

The general method specifies an ashing treatment of the sample with lime as a 
F fixative, isolation of F by means of a Willard-Winter distillation 1 from HC10 4 , 
and estimation in the distillate by a Th(NO,) 4 “back-titration” procedure. The tech¬ 
nic and reagent strengths are designed to handle conveniently not more than 10.0 
mg of F. Modifications of this general procedure, applicable to specific products, are 
described. A special procedure for the rapid determination of F as spray residue is 
also given. 

2 PRECAUTIONS AND INTERFERENCES 

The analyst should control, by means of careful choice and purification of re¬ 
agents, the magnitude of a determination blank. Details of purification of several of 
these reagents are given in 4 . With care the blank will be low (1-3 micrograms of F). 
A large part of it will be a “distillation blank” apparently resulting from F leached 
from the glassware of the still during the distillation. This blank can be minimized 
by the preliminary treatment of the still (8), and it should be possible to deduce and 
correct for an average distillation blank if stills of the same material and design are 
routinely used; otherwise, each still must bear its special blank. New, unused stills 
will usually be found to exhibit a high blank, which will diminish to a constant low 
figure after several runs. Ashing utensils should be checked by blank runs with the 
fixative soln to ascertain whether or not they contribute appreciable F. Even Pt 

* The report of the Associate Referee on Fluorine, of which these methods are a part, will appear in a 
later number of Vol. 27 of This Journal . 

1 Ind . Eng. Chem Anal. Ed., 5, 7 (1033). 
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vessels may become contaminated (owing presumably to a slight calcium content) if 
they have been used recently for HF volatilization of silica. In addition, such blank 
runs are useful for the testing not only of the reagents and apparatus used in the 
method but also the evaporators, hoods, muffles, and laboratory atmosphere for the 
presence of fluoride fumes and dust. HF bottles, if permitted in the same laboratory, 
Bhould be sealed immediately after use, and contamination from roach powders 
should be avoided. Ordinary tap HaO may be a source of F contamination, since 1 
ml of a water containing 2 p.p.m. of F will contribute 2 micrograms of F if allowed 
to remain or to dry in a still. For this reason all glassware (stills, flasks, burets, etc.) 
should be routinely rinsed with distilled water, preferably redistilled from alkaline 
permanganate. Filter papers may contribute small (microgram) quantities of F, and 
glass filters are preferred should a filtration be required in the microdetermination. 

Interferences are gelatinous silica, aluminum, and boron compounds, which re¬ 
press the evolution of F as H 2 SiF« in the distillation; materials such as nitrates, ni¬ 
trites, peroxides, Cl, SO*, and H 2 S, which act upon the indicator in the titration or 
otherwise interfere; halides (chloride), which distil to give excessive acidity in the 
distillate; and phosphates and sulfates, which react with Th in the titration to give 
high results. The procedure is so designed that most of these interferences are auto¬ 
matically eliminated, but the analyst should be on guard against their possible oc¬ 
currence under unusual circumstances. 

METHOD (GENERAL) 

3 APPARATUS 

(a) Fluorine still .—A Claissen-type distilling flask of 100-125 ml size is most 
practical for general work. It must be of Pyrex glass, and the auxiliary neck should 
be sealed off immediately above the side-arm to prevent pocketing and refluxing of 
distillate. The still should be as small and simply designed as practicable, in fact 
ordinary distilling flasks can be used for some work and they are slightly more effi¬ 
cient than the Claissen type, except that there is more danger of spraying over of 
distilling acid. The still is equipped with a dropping funnel and 0-150° thermometer, 
the latter extending to within 1* of bottom of flask, so that the bulb is immersed in 
the boiling acid mixture. Acid-alkali washed beads, preferably of Pyrex, should be on 
hand. Rubber stoppers should be previously cleaned by boiling in 10% NaOH. All¬ 
glass apparatus with interchangeable accessories is convenient, especially in routine 
work, and eliminates the need for rubber stoppers. While not entirely necessary for 
heating the still, the use of a Wood’s metal bath, adequately shielded, will prevent 
undue decomposition of HC10 4 and aid materially in securing a low-acid distillate. 
If the metal bath is used, care should be taken that the flask is not immersed so 
deeply that the bath level is above that of the liquid in the flask; if the bath is not 
used, transite or asbestos shielding boards are essential, and the flask should be 
heated through a small hole in such a shield by a low “clean” flame. At the analyst’s 
option, distilling HjO may be added as steam instead of through the dropping fun¬ 
nel, and an electric boiler 2 is a convenient steam generator. If steam is used, the inlet 
tube should dip below the surface of the liquid in the still. One advantage in adding 
the distilling HjO through a funnel is that the last portions of rinse H 2 0 used in 
transferring an ash can be used in the distillation. If the funnel plug is thinly notched 
with a sharp file on either side of the bore, dropping rate can be more easily con¬ 
trolled, and the end of the funnel stem need not extend into the liquid in the still. 
The still is used in conjunction with a clean straight-tube condenser, no longer than 
necessary for adequate cooling. (A vertical arrangement of the condenser will con¬ 
serve bench space.) 


’ Thu Journal , 21, 684 (1938). 
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(b) Nessler tubes. —Tall form, 50 and 100 ml sizes, glass-stoppered type preferred. 
Matched in sets of at least six. (The 100 ml size will be used more frequently in the 
general procedure.) 

(c) Additional apparatus .—In addition there will be required (2) carefully 
cleaned and tested Pt, or well-glazed porcelain dishes of at least 100 ml size; 150 ml 
volumetric flasks, or if these are not available, the 200 ml size; and 10 ml burets 
(conveniently automatic) to deliver the various solns required in distillation and 
titration. An overhead radiant heater will be found invaluable for the drying and 
preliminary charring of samples, especially those of the high sugar type. 

4 REAGENTS 

(a) Lime suspension. —Carefully slake ca 56 g (1 mol) of low F lime (ca 2 p.p.m. 
of F) with ca 250 ml of H 2 0 and add 250 ml of 60% HC10 4 slowly and with stirring. 
Add a few glass beads and boil down to copious fumes of acid; then cool, add 200 ml 
of HjO, and boil down again. Repeat the dilution and boiling down once more; cool, 
dilute considerably, and filter through a fritted-glass filter if a precipitate of silica 
has appeared. Pour the clear soln, with stirring, into 1 liter of 10% W/V NaOH, 
allow precipitate to settle, and siphon off supernatant liquid. Remove Na salts from 
precipitate by washing 5 times in large centrifuge bottles, shaking up substrate 
thoroughly each time. Finally, shake precipitate into suspension and make to 2 liters. 
Preserve in paraffined bottles. (100 ml of this suspension should give no appreciable 
F blank when evaporated, distilled, and carried through the titration procedure de¬ 
scribed below.) Always shake suspension up well before using. 

(b) Perchloric acid soln. —60%. Dilute C.P. HC10 4 with 3-4 volumes of H 2 0 and 
boil down to original volume. Repeat, and preserve in Pyrex. 

(c) Sulfuric acid soln. —Carefully mix equal volumes of C.P. H 2 S0 4 and H 2 0,boil 
down to fumes, cool, dilute carefully , boil down once more, and dilute to 1-fl vol¬ 
ume. 

(d) Silver perchlorate soln. —50% W/V. 

(e) p-Nitrophenol indicator. —0.5% W/V alcoholic soln. 

(f) Potassium hydroxide soln. —Exactly 0.05 N. 

(g) Potassium chloride soln. —0.05 N , 3.727 g/liter. 

(h) Hydroxylamine hydrochloride soln. —1.0% W/V. 

(i) Hydrochloric acid. —Exactly 0.05 N. 

(j) Alizarin indicator. —0.01 % soln of sodium alizarin sulfonate (Alizarin Red S). 

(k) Thorium nitrate soln. —0.25 g of Th(NO*) 4 - 12H 2 0 or 0.20 g of Th(N0 2 ) 4 . 

• 4H 2 0 per litef. 

(l) Potassium silicofluoride. —If pure K 2 SiF 4 is not obtainable, prepare as fol¬ 
lows: Introduce, through a dropping funnel, a saturated soln of NaF, or a suspension 
of crude K 2 SiF 6 , into a 500 ml Claissen distilling apparatus containing 60 ml of 
1+1 H 2 S0 4 , some glass beads, and 10-20 g of powdered silica (or glass) maintained 
at a boiling temp, of 120-125°. Conduct distillate into a soln of ca 25 g of pureKCl in 
H 2 0, held at a simmering temp, on a hot plate so that distillate volumes do not 
become excessive. If necessary, add additional H 2 0 to the mixture by means of 
a dropping funnel placed in the side-neck of the still. Regulate the rate of addition 
of fluoride to the still and the temp, of the condensing H s O so that the side-arm 
and condenser do not become clogged with the evolved H 2 SiF 6 , which tends to 
lodge as a gelatinous mass. K 2 SiF 6 is formed in the receiver and although entirely 
crystalline it assumes the appearance of a gelatinous substrate owing to the small 
difference between its refractive index and that of the aqueous soln. When a sub¬ 
stantial amount has been collected, pour contents of receiver into large centrifuge 
bottle and wash repeatedly by means of the centrifuge (shaking up precipitate 
thoroughly each time), until the washings are chloride free by test. Collect on a 
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Bttchner funnel and either allow to air-dry or bring to constant weight in vacuo at 
50-70°. Determine purity by means of a Travers titration* at boiling temp, with 0.2 
N NaOH (1 ml«.01101 g of KjSiFe); also by conversion to K2SO4 by treating 0.3-0.4 
g in a deep Pt dish with a little H 2 0, then HjSCb plus a little HF, fuming off the ex¬ 
cess acid carefully (if overheated, the mixture has a great tendency to spatter), and 
heating to constant weight of K2SO4 at 650°. With glass apparatus an entirely pure 
product is not usually obtained as some contamination with silica results from the 
leaching effect of the vapors upon the condenser. A pure product can be obtained 
by use of a Pt still. 0.9660 g of pure K 2 SiF 6 made to 1 liter gives a stock soln contain¬ 
ing 0.5 mg of F/ml. Much more will not dissolve. Prepare such a soln, correcting this 
weight of 0.9660 by the purity factor of the K 2 SiF 6 (the figure for purity obtained 
from the average of the two above methods of assay). Preserved in a paraffined 
bottle, the soln will keep indefinitely. 

Prepare the soln used in the titration (9) by diluting 20 ml of this stock soln to 1 
liter (1 ml«10 micrograms of F). It will retain its strength for Beveral weeks in ordi¬ 
nary volumetric ware. 

(m) Check the titer of the Th soln against the standard (10 microgram/ml) 
fluoride soln as follows: Measure 10, 20, 30, etc., up to 80 micrograms of F into 100 ml 
Nessler tubes, and add 4.00 ml of the 0.05 N HC1 (2.00 ml if 50 ml Nessler tubes are 
used, and carrying the range to only 50 micrograms of F for this size tube). 4 Dilute 
mixture to ca the 80 (or 40) ml mark and add 1.00 ml of the 1.0% NH*OHHCl 
soln. Mix, then add exactly 2.00 ml of the alizarin indicator (or 1.00 ml for the 
smaller tube) and measure in the Th soln from a buret, mixing frequently until, 
when sighting down the tube towards a white reflecting surface, an incipient pink or 
salmon pink color is observed. Add a little H 2 0 from time to time so that the soln is 
nearly to mark as the end point is approached. Finally, make exactly to mark and 
mix thoroughly before checking the final end point. Do not shake the tubes vio¬ 
lently (5-6 gentle inversions are sufficient). Make an effort to secure an end-point 
shade intermediate between the yellowish green of the acid indicator and the reddish 
purple of the fully developed Th lake. Carry through with the series and plot ml of 
Th soln against ml of standard fluoride to obtain a rough equivalence curve for the 
two solns. Depending upon the quantity of F known to be present, add the Th soln 
in 1-2 ml portions at first, with final additions of 0.25 ml. 

5 SAMPLE PREPARATION 

Methods of sample preparation are designed to furnish a representative sample 
in a workable quantity of material and to get the sample in condition for the final 
distillation. Mineralization by an ashing procedure is usually involved. Some min¬ 
eral food products can be dissolved in, and distilled from HC10 4 (8) provided no in¬ 
terferences appear in the final distillate. In general, 10-20 g of dry material, 50-100 
ml of liquid samples, and 50-100 g of undried food products or plant material can 
be taken for analysis, depending upon the expected F content, and the interferences, 
such as excessive chloride, which the use of large samples may introduce. If adequate 
grinding and mixing equipment is available, it is often feasible to prepare large 
quantities of material (vegetables, mixed foods) and to take aliquant portions for 
analysis.* Dry plant materials, feeds, bonemeal, etc., can be ground to convenient 
size in a Wiley mill and thoroughly mixed before the sample is taken. The following 
special methods for certain products are indicated. 

6 Direct ashing .—(Applicable to fibrous (not highly fatty) food materials, liquid 
samples, and in general to all foods that can be thoroughly wet with an aqueous 
fixative soln. This procedure will apply to the majority of food products.) 

*~This Journal, 14, 26371931); MethodVofAnalj^u, A.O.A.C..194o7 20, 21, p. 50. 

4 This Journal, 24, 350 (1941). 

• Ind Eng. Chem. t Anal. Ed ., 13, 93 (1941). 
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Weigh a suitable portion of the prepared sample into a clean Pt dish and add 
25 ml of the lime suspension. (Porcelain casseroles or dishes are second choice be¬ 
cause they may contribute small quantities of F, and alumina, to the sample.) Mix 
in the lime suspension with a glass rod, adding additional HsO if necessary; rinse 
and remove rod. "Dry, thoroughly on steam bath or in hot air oven, then slowly char 
sample by heating over a low flame or electric stove with heat control. An overhead 
radiant heater is very convenient for both drying and charring the sample. Control 
excessive swelling of high sugar foods by playing a small flame over the Bample sur¬ 
face from time to time and char these products slowly so that excessive acidity is not 
generated. When the sample is charred past danger of catching fire, place in muffle 
and ash at 600°. (For very small samples and minimum blanks it may be advisable 
to cover the ashing vessel with an inverted Pyrex petri dish while ashing.) When a 
clean aBh is obtained, cool dish and wet ash with ca 10 ml of H a O. (A small amount of 
unbumed carbon does not interfere, but if much is apparent, dry down and repeat 
the ashing.) Cover dish with a watch-glass and cautiously introduce under the cover 
a little of the HCIO 4 in amount just sufficient to dissolve the ash. Rinse down cover 
with a little H 2 O and transfer soln to the freshly prepared F still (8) through a 
long-stemmed funnel. Rinse dish with remainder of distilling acid, using ca 20 ml in 
all, and adding and transferring in several Bmall portions. Do not prolong the tran - 
ferring operation. Finally rinse funnel and stirring rod into dish, assemble still and 
complete rinsing of dish with several small portions of H a O, pouring these into the 
dropping funnel of the still. If distilling H 2 O is added as steam (3(a)) rinse dish with 
a little additional H a O and add directly to acid mixture in still, but avoid excessive 
initial volume. Add ca 6 Pyrex beads and sufficient AgC10 4 soln to precipitate all 
chloride. (Excess AgC10 4 in reasonable quantity does no harm, and sufficient solid 
Ag2S0 4 may also be used.) Proceed as directed in 8. 

7 Preliminary distillation. —(Necessary with certain products of high phosphate 
content, such as calcium phosphate and bone meal, in order to eliminate the dis¬ 
tilled phosphoric acid that may be present in appreciable quantities in first dis¬ 
tillates. Also advisable with certain fatty materials that may not be thoroughly wet 
with the lime fixative, thus causing F loss in a direct ashing procedure.) 

(a) For inorganic phosphatic materials , such as calcium phosphate, weigh sample, 
usually 10 g, into still, add a few glass beads, sufficient AgC10 4 to precipitate possible 
chloride, and ca 20 ml of the HC10 4 . If the inorganic phosphatic material does not 
contain excessive Ca, use a similar quantity of the 1+1 H2S0 4 . Distil at 135-140°, 
collecting ca 200 ml of distillate. (For this preliminary distillation, extreme care in 
the securing of a low-acid distillate is not essential.) Evaporate distillate to dryness 
in Pt after addition of an excess of the lime suspension, assuring alkaline conditions 
by testing with a drop of phenolphthalein indicator. (If H2S0 4 is used in this pre¬ 
liminary distillation add to distillate a few drops of F-free 30% H 2 O 2 to remove pos¬ 
sible sulfites.) Heat dried residue at 000° for a few minutes to destroy indicator resi¬ 
dues and possible d 2 -containing compounds. Transfer contents of dish to a freshly 
prepared still (8) with the 20 ml of distilling HC10 4 as directed in 6 and proceed with 
the final distillation as directed in 8. 

Take 20 ml samples of sirupy phosphoric acid and collect at least 300 ml of first 
distillate at 135°, allowing the phosphoric to function as its own distilling acid. 
(More distillate is necessary because the phosphoric acid is less effective as a F dis¬ 
tilling acid.) Neutralize with the lime suspension, evaporate to dryness, transfer to 
prepared still as directed above, and proceed as directed in 8. 

(b) For organic phosphatic materials , such as bone meal, feed supplements, etc., 
give the sample a preliminary ashing treatment to destroy most of the organic mat¬ 
ter. For this purpose, moisten sample with sufficient of the lime suspension, dry, 
char, and heat at 600° for 2-3 hours. Transfer ashed material to still, which contains 
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several beads and sufficient AgCKX to precipitate chloride, with 20 ml of the dis¬ 
tilling acid (HCIO4 or H2SO4, depending upon the Ca content of the sample) as di¬ 
rected in 6, and continue as directed in 7(a)) “Distill at 135-140°, etc.” 

Certain organic phosphatic materials (small samples of bone, 2-5 g, such as the 
entire bones of small test animals) in which the quantity of organic matter is not ex¬ 
cessive, may be placed in the still and distilled directly as directed in 7(a) without 
a preliminary ashing. If the sample bears appreciable Ca (bone samples), use 
HCIO4, with reasonable precaution; if the organic phosphatic material does not con¬ 
tain excessive Ca, use 1+1 H2SO4. In either case add more lime to first distillates and 
ash for a longer period of time in order completely to destroy distilled organic mat¬ 
ter (fatty acids). Transfer contents of dish to freshly prepared still (8) with the 20 
ml of HCIO4 as directed in 6 and proceed with the final distillation (8). 

Baking powders (calcium phosphate and combination types) are handled as 
follows: Place 10 g of sample in deep, covered Pt dish or casserole and slake cau¬ 
tiously with ca 20 ml of the lime suspension. After action subsides, rinse cover, dry 
contents of dish thoroughly , and ash at 600° for 2-3 hours. After completing the 
ashing step, cool dish and, because of excess of carbonate in the ash, treat it with 
several small portions of warm H 2 0, breaking up with a flattened stirring rod, and 
transfer teachings to still. Then transfer remaining contents of dish with the 20 ml 
of distilling HC10 4 , avoiding excessive effervescence when acid is added to car¬ 
bonate soln in still. Add several glass beads and sufficient AgC 104 , and proceed as 
directed in 7(a)) “Distil at 135-140°, etc. ...” With combination or sodium alumi¬ 
num sulfate baking powders, collect at least 400 ml of the preliminary distillate 
(7(d)). 

(By the use of a specially trapped still it is possible to analyze highly phosphatic 
inorganic or thoroughly ashed materials, and phosphoric acids with a single distilla¬ 
tion. The special trap, or scrubber, consists of 12-15 g of small, hollow glass beads 
supported in the side-neck of the 125 ml Claissen flask by several indentations 
punched in the side wall, and capped by a glass disk or the inverted bottom of a 15 
mm test tube. After construction of the glass-bead scrubber the side-neck is sealed 
off immediately above the outlet tube. The beads in the scrubber are always wet 
with a little phosphoric acid before the distillation to furnish a liquid acid phase.) 
Take 20 ml of sirupy phosphoric acid, and 10 g samples of calcium phosphate with 
20 ml of the HCIO 4 for the distillation, and collect at least 400 ml of distillate at 
135°. With the single distillation observe the precautions outlined in 5, and also in 8 
regarding the neutralization of final distillates. (Distillates should show practically 
negligible acidity. The presence of only traces of distilled phosphoric acid will vitiate 
the titration; as little as 20 micrograms of P 2 C>6 will definitely interfere. Accordingly, 
if the single distillation procedure is to be applied with confidence, it is necessary to 
test the distillates obtained from phosphatic materials by means of the special still 
for the presence of this interference.) For a convenient test utilizing Schricker’s re¬ 
agent, 6 add 5 ml of a 1+9 dilution of this reagent to 45 ml of distillate in a 50 ml 
cylinder or Nessler tube, mix, and immerse in steam bath for 5-10 min. Compare 
against a blank by sighting down the tube. A blue or blue-green color denotes phos¬ 
phate and as little as 5 micrograms (as P 2 O&) is readily detected. If the distillate 
shows traces, make sure that such quantities are below an interference level of 20 
micrograms before applying the titration to additional portions of the distillate. The 
test with Schricker’s reagent is also useful in the usual double distillation procedure 
where a phosphate interference is possible. Use of the special trap will save time 
where highly phosphatic materials are handled as routine but it is not justified in 
ordinary work because of poor efficiency owing to excessive refluxing in the distilla¬ 
tion. 


• This Journal, 22, 167 (1939). 
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(c) Fatty and oily food materials (oil-packed foods, oil meals, certain meats, etc., 
also the entire undried and unground organs of test animals), where there is danger of 
F loss through incomplete wetting with the lime fixative soln, may be handled as fol¬ 
lows: Weigh an appropriate quantity of sample, usually 10 g, into still, and add 
silver (preferably 0.1-0.2 g of solid AgtSCM, several glass beads, and 20-25 ml of the 
1+1 HsBOi. Distil at 130-135° and collect 200-250 ml distillate. If foaming is ex¬ 
cessive, increase quantity of distilling acid, and where necessary use a larger (250 
ml) still. (The oil or fat of many of these products will tend to prevent foaming; and 
in some instances the use of a piece of purified paraffin about the size of a pea is an 
additional aid.) Oxidize distillate by cautious addition of 2-3 ml of F-free 30% 
H*Oa to remove sulfites, evaporate in Pt with an excess of the lime suspension, and 
ash residue at 600° until clean. Proceed as directed in 7(a), beginning “transfer con¬ 
tents of dish to freshly prepared still, etc.” Handle pure oils by a similar procedure, 
and with these products use a 10 g sample with 25 ml of 1+1 H s S0 4 and carry 
temp, at first to ca 170° to saponify; then carefully bring temp, down to 140° 
with the distilling H*0 and collect 250 ml of distillate. (It will probably be necessary 
to use a higher reading thermometer for this procedure.) Oxidize distillate with 30% 
H 2 O 2 and evaporate to dryness after adding an excess of the lime suspension. Ash at 
600° and after a brief preliminary ash period remove dish, add a little H a O plus an 
additional 1-2 ml of the peroxide to remove sulfides, dry, and complete ashing. Pro¬ 
ceed as directed previously in this paragraph. 

(d) Aluminum and boron compounds repress the evolution of F and complete 
isolation of their F content necessitates a preliminary distillation at elevated 
temperature. For this purpose, weigh sample, usually 5-10 g, into still, add 25 ml of 
the 1+1 H2SO4, and conduct first distillation at 160-165° (special thermometer), 
collecting 300 ml of distillate. Oxidize distillate with 30% H a Oa as above, evaporate 
down in Pt with an excess of lime suspension, incinerate briefly at 600°, and pro¬ 
ceed as directed in 7(a), beginning, “Transfer contents of dish to freshly prepared 
still, etc.” 

8 FINAL DISTILLATION 

The final distillation is always made from HCIO4 and due precautions are taken 
to secure a low acid distillate (3(a)). Interferences, such as organic matter, phos¬ 
phate, sulfate, etc., must be absent in the distillate, hence it must be made with 
careful temperature control in the presence of enough Ag salt to repress chloride 
evolution (2). It is well to check distillates for the presence of possible phosphate as 
directed in 7(b), and where advisable, as in 7(d), to test for sulfate with a little di¬ 
lute BaCl a soln. The HCIO4 used in the final distillation is usually employed in trans¬ 
ferring the ash to the still (6). A few acid-alkali washed beads are used to control 
bumping. The use of powdered silica does not appear necessary for the microdeter¬ 
mination. 

In order to promote better recoveries, and to minimize and render constant the 
distillation blank discussed later in this paragraph, prepare the still by a special 
cleaning process before this transfer by treating it with hot 10% NaOH after each 
run, flushing out with tap H 2 O, and then rinsing with distilled HiO. Occasionally (at 
least once a day, and especially after it has stood idle for any length of time), treat 
the still additionally by boiling down 15-20 ml of the 1+1 HsS0 4 until it is filled 
with fumes. Allow to cool and thoroughly rinse out. 

At this stage the prepared sample has been transferred to the specially treated 
still, as directed above, for the final isolation of F. Begin the distillation, and 
when the temp, reaches 137° maintain at this point ( ±2°) by adding H a O from the 
dropping funnel (3(a)). Catch distillate in a 350 ml. volumetric flask, or, if one of 
these is not at hand, use a 200 mi flask and after a few ml of distillate has been col- 
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lected, add 1-2 drops of the p-nitrophenol indicator. Maintain the distillate alkaline 
to this indicator (faintest perceptible yellow) by adding a drop or two of the 0.05 
N KOH from a 10 ml buret from time to time during the distillation, swirling the re¬ 
ceiver contents. Regulate this addition of alkali so that the distillate is neutralized 
(within 1 drop of alkali) as it approaches the mark. Note carefully the volume of 
alkali used. Make the distillate to mark and mix thoroughly. Do not allow a F distil¬ 
late to stand more than a few minutes before making neutral. 

If the sample contains such large quantities of chloride that bumping in the still 
can not be controlled, dissolve the ash of another sample, and acidify slightly with 
HCIO4. Dilute considerably and precipitate chlorides in the dish with the AgClD*, 
avoiding large excess. Filter through a glass filter, wash precipitate thoroughly with 
hot HiO, and evaporate filtrate and washings to dryness after adding an excess (to 
alkalinity) of the lime suspension. Transfer residue to still with the HCIO4 and re¬ 
peat distillation as directed above. 

9 TITRATION 

Place aliquot of final distillate in Nessler tube and mark “S” (sample). (Opti¬ 
mum quantities of F to be titrated are 60-70 micrograms for the 100 ml Nessler tubes 
and 30-40 micrograms for the 50 ml size, and it is well to make an exploratory titra¬ 
tion on a small aliquot to check the approximate F content of the distillate.) Add the 
0.05 N HC1, 4.00 ml for the 100 ml tubes and 2.00 ml for the 50 ml size, and 1.00 
ml of the hydroxylamine soln. Dilute to ca 90 (or 40) ml, mix well, then add the 
proper amount of the alizarin indicator (2.00 or 1.00 ml) and mix in. Always add 
and mix in the hydroxylamine before adding the indicator. Prepare a blank tube 
(“B”) by adding the proper amount of HC1 and hydroxylamine, and a quantity of 
the 0.05 N KC1 soln representing the same proportion of the total volume of 0.05 
N KOH used to neutralize the distillate as the aliquot volume taken for the sample 
tube represents of the total distillate volume. (Thus, if 1.00 ml of 0.05 N KOH was 
used to neutralize a distillate volume of 150 ml and the aliquot taken for tube “S” 
was 75 ml, add 0.5 ml of the 0.05 N KC1 to tube “B.”) Dilute and mix, allowing 
slightly more head-space than in the sample tube. Then add the proper volume of 
alizarin indicator and mix. 

Measure the Th soln into tube “S,” mixing between additions, until an end¬ 
point of about the proper shade is reached. Dilute to mark, mix, and check this end¬ 
point shade. Note from the curve (4(m)) the approximate volume of standard 
fluoride soln corresponding to this volume of Th soln, and add ca 0.5 ml less than 
this quantity of standard fluoride to “B.” Mix in, then add exactly the same 
volume of Th soln as was added to “S” duplicating approximately the incre¬ 
ments in which it was added and the number of mixings. Dilute nearly to mark and 
compare colors of “S” and “B.” (If the volume of standard fluoride added to “B” 
was properly chosen, this tube should be only slightly pinker in shade than the sam¬ 
ple tube.) Bleach the “B” tube to an exact match with tube “S” by adding more of 
the standard fluoride to the former in increments of 1-2 drops, mixing gently be¬ 
tween additions. Make to mark for the final comparison and observe the usual pre¬ 
cautions of allowing bubbles to subside and of transposing tubes when final compari¬ 
sons are made. (At the match-point, the fluoride content of tube “S” equals the 
quantity added to tube “B.”) Check this end point by adding 1-2 drops in excess of 
standard fluoride to tube “B.” A distinct over-bleach should develop. 

Repeat the titration on aliquots of different size to obtain the total quantity of F 
distilled. If time is available, repeat the entire determination with a different weight 
of sample. 

For precise work , evaluation of the reagent and of the distillation blank is neces¬ 
sary 4 (2), Determine the distillation blank by making several distillations with the 
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prescribed quantities of HC10 4 and AgC10< from the freshly cleaned still, titrating 
the distillate as directed above with as large an aliquot as practicable. The average 
of the values found should not be greater than 2-3 micrograms of F. If quantities 
found by individual blank runs are too small to be determined accurately, make five 
or more separate distillations and evaporate the distillates, 150 ml each time, suc¬ 
cessively in the same Pt dish for a final distillation and average blank figure. The 
distillation and total determination blanks can usually be combined by carrying a 
run (with the same quantities of reagents and similar evaporation and ashing treat¬ 
ment) through the entire procedure. The reagents and manipulations should increase 
the distillation blank but little. 

Calculate total quantity of F distilled from quantity found in aliquot titrated, 
subtract proper blank, and refer net figure to weight of sample taken. If the double 
distillation procedure was used, make appropriate correction. 

RAPID METHOD RESTRICTED TO FLUORIDE RESIDUES ON 
APPLES AND PEARS 

10 PRINCIPLES 

This method utilizes the acid filtrate from the strip soln of apples and pears 
when prepared with HCl rinse and acidification . 7 An aliquot of filtrate is oxidized 
colorless with KMnO*, the solution is then reduced with hydroxylamine, and a back 
titration is conducted upon a sub-aliquot in Nessler tubes; Zr(N0 8 )4 is used in the 
titration, with purpurin (1, 2, 4, trihydroxyanthraquinone) as indicator. The prin¬ 
ciple of the back-titration, as applied here, is similar to that employed in the general 
method where Th(N0 8 ) 4 and alizarin occupy similar roles. The method is based, in 
general, on the work of Kolthoff and Stansby. 8 Provision is made for the renewal of 
interfering anions, and the high acidity employed in the titration minimizes inter¬ 
ference of metals that would otherwise lake with the indicator. 

11 APPARATUS 

(a) Volumetric flasks. —50 ml. 

(b) Nessler tubes —50 ml glass-stoppered, tall form, matched for height and color 
(14). 

12 REAGENTS 

(a) Mixed nitrate soln. —Dissolve 3.0 g of Ba(N0 3 )a and 2.0 g of Th(NO«) 4 * 4 H*0 
in H 2 0 and make to 100 ml. 

(b) Potassium permanganate soln. —Saturated; ca 6% W/V. 

(c) Hydroxylamine hydrochloride soln. — 5% W/V. 

(d) Ferrous chloride soln. —Dissolve ca 1.0 g of Fe powder or wire in 50 ml of 1 +1 
HCl, dilute, and filter into a 500 ml volumetric flask. Add a few ml of the hy¬ 
droxylamine hydrochloride soln and make to mark. Dilute still further, before use, if 
desired. 

(e) Purpurin indicator. —0.01 % W/V in alcohol. Dissolve 25 mg of the pure dye 
in 95% alcohol, heating if necessary, and make to 250 ml with the same solvent. 
Prepare fresh weekly . 

(f) Zirconium nitrate soln. —Dissolve 1.00 g of Zr(N0 8 )4- 5 H*0 in HjO, acidifying 
with 20 ml of HCl, and dilute to 1 liter. Filter if not clear. 

(g) Standard fluoride soln .—So dilute a stock soln of pure NaF that 1 min 36.4 
micrograms of F. 


7 Methods of Analysts, A.O.A.C., 1940, 30, p. 407. 
• Ind. Eng. Chem., Anal. Ed., 6, 118 (1934). 
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13 PROCEDURE 

Place 20 ml of the well-mixed acid strip filtrate (10) in 50 ml volumetric flask. 
Add 2.0 ml of the mixed nitrate eoln, then 4.0 ml of the KMnOi soln. Rinse down 
neck of flask with a little H 2 O and place on an active steam bath for 5 min. Remove 
flask, and while still hot, add the hydroxylamine hydrochloride soln from a buret, 
slowly and with swirling, until the MnOj is discharged and soln is colorless. Add ca 
0.5 ml of this reagent in excess. (Appreciable phosphate is revealed as flocculent 
Ths(P 04 ) 4 , and sulfate as the precipitate with barium. Sometimes permanganate is 
occluded in this sulfate and/or phosphate precipitate and a pink color tends to per¬ 
sist but does not interfere.) Cool, make to mark, and filter. (Filtrate must be clear. 
If there is perceptible turbidity, return filtrate through filter several times if neces¬ 
sary, until filtrate is brilliant.) Pipet 25 ml of clear filtrate into Nessler tube and mark 
“S.” 

For a blank or comparison tube use 25 ml of “blank” soln containing the re¬ 
agents as used in the method and prepared as follows: 

Make 50 ml of the 10% sodium oleate soln (13, p. 397, Methods of Analysis , 
A.O.A.C. , 1940), 50 ml of 30% W/V NaOH soln and 15 ml of HC1 to 1 liter. Acidify 
portions with a one-tenth volume of HC1 as if the soln were an actual “strip,” and 
filter, returning filtrate thru filter until perfectly clear. (Chilling the soln and shaking 
vigorously will “churn” the precipitated oleic acid and aid in obtaining a clear fil¬ 
trate.) Carry 20 ml portions of the acidified filtrate thru the procedure exactly as 
directed above. (It is best, in order to duplicate more closely the conditions of the 
actual determination, to use the 50 ml volumetric flasks and 20 ml aliquots in prefer¬ 
ence to working up larger aliquots with correspondingly larger amounts of reagents. 
After being made to volume and filtered, the blank solns may be combined to form a 
supply of “blank.” Ten portions worked up as above yield ca 500 ml of blank, or 
enough for almost 20 determinations.) 

Add 25 ml of this “blank” to a second Nessler (Tube “B”), and to both tubes 
“S” and “B,” add 15.0 ml of HC1 measured as carefully as possible from a graduate. 
(Always add the acid to the soln instead of vice versa.) Mix, and match the tubes for 
color. The “S” tube will usually be found to have a slight greenish tint in comparison 
with the “B” tube, due presumably to traces of iron. Balance both tubes to the same 
shade by adding the ferrous chloride soln dropwise to the appropriate tube and mix¬ 
ing in. This operation must be carefully done. When there is no discernible difference 
in tint, add exactly 1.00 ml of the purpurin indicator to each tube. Mix, then add 
to each, 2.00 ml of the zirconium soln from a 10 ml buret, and mix in. Do not shake 
the tubes violently when mixing in reagents; 4 or 5 gentle inversions are sufficient. 
Observe the color difference, if any, between the two tubes when looking down their 
length towards a w r hite reflecting surface. If there is no appreciable difference after 
5 min., the F content of the sample is negligible. If the color of tube “S” is yellower, 
the presence of F is indicated. In this case, add additional amounts of the zirconium 
nitrate to tube “S” until its color matches approximately that of tube “B” (to the 
nearest 0.5 ml of the zirconium soln). Dilute “S” to mark and mix. Now add to “B” 
exactly the same total volume of zirconium soln as was added to tube “S,” mix, and 
allow tube to stand for 2 min. for the lake to develop fully. Back-titrate the standard 
fluoride soln into “B” from a 10 ml buret until the tubes match, frequently mixing, 
and making nearly to volume as the end point is approached. Add the fluoride in in¬ 
crements of ca 0.1 ml at this stage, and observe the usual precautions of transposing 
tubes and allowing bubbles to subside when making comparisons. Check the end 
point by adding 0.1-0.2 ml in excess of the standard fluoride. A distinct overbleach 
should develop. For a sample weight of 1400 g and the aliquots prescribed above, 
each ml of standard fluoride soln consumed in the back-titration is equivalent to a F 
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content on the fruit sample, removable by the solvent treatment, of 0.01 grain/lb. Cor¬ 
rect the result obtained in the titration by the sample weight ratio. The volume re¬ 
strictions of a 50 ml Nessler tube will allow the estimation of a spray residue content 
up to ca 0.05 grain/lb. F. If the calibration mark is exceeded to any great extent in 
the back-titration, use a 10 ml aliquot of the acid filtrate in tube “S,” and make to 
25 ml with “blank” soln, correcting the titer of the standard fluoride soln by the ap¬ 
propriate factor. 

14 NOTBS ON RAPID METHOD 

Glass-stoppered Nessler tubes are almost essential with the strong acid pre¬ 
scribed in this determination and are likewise much to be desired in the general 
method for F with Th and alizarin (9). Analysts familiar with the Th-alizarin back- 
titration procedure should have no difficulty with the Zr-purpurin titration. With 
the latter, however, color changes are not so apparent and the titration is less sensi¬ 
tive. However, with careful work, results accurate to .002 grain/lb. may be ex¬ 
pected. The indicator color at the prescribed acidity is yellow and the fully laked 
indicator is orange red. This contrasts with the Th titration where the corresponding 
range is from a yellowish green to reddish purple. Hence in the present method choice 
of an end point involves discrimination between varying shades of orange. The addi¬ 
tion of the 2.00 ml of Zr soln to tube “B” at the start is merely to provide an inter¬ 
mediate shade of orange to guide the analyst in the amount of Zr to be added to tube 
“S.” Analysts may prefer to work with a redder or yellower end-point shade. In any 
event, it is urged that a number of titrations be made by adding various quantities 
of the standard fluoride soln as unknowns to Nessler tubes and carrying through a 
back-titration as directed above, for the purpose of learning the color changes in¬ 
volved. Pure aqueous solns instead of “blank” may be used with acidities of 20 ml 
of HC1 per 50 ml. 

Accuracy of results with the rapid method presupposes complete removal of 
spray residue F by the solvent process and good accuracy (not necessarily preci¬ 
sion) in the titration. These conditions may not always obtain; unless carefully done, 
the solvent method may not be entirely effective, 7 and results on strip solns contain¬ 
ing known quantities of F have tended slightly low. Hence accuracy above 95% is 
not to be expected with this procedure. 

(2) The tentative method for the determination of selenium (This 
Journal , 26, 348) was adopted as official (first action). 

XXX. NUTS AND NUT PRODUCTS 

No additions, deletions, or other changes. 

XXXI. OILS, FATS, AND WAXES 

No additions, deletions, or other changes. 

XXXII. PRESERVATIVES AND ARTIFICIAL SWEETENERS 

No additions, deletions, or other changes. 

xxxm. SPICES AND OTHER CONDIMENTS 

(1) The method for the determination of total phosphoric acid in vine¬ 
gar published in This Journal , 24,83, was adopted as official (final action). 

(2) The modified Lichthardt method for the detection of caramel in 
vinegar (This Journal , 26, 234) was adopted as tentative. 
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(3) The tentative method for the determination of color in vinegar 
removed by fullers’ earth (76, p. 481) was deleted. 

(4) The following method for the differentiation between vinegar and 
commercial acetic acid was adopted as tenative: 

DIFFERENTIATION BETWEEN VINEGAR AND COMMERCIAL ACETIC ACID 

REAGENTS 

(a) Acetic acid soln. —To 4 g of acetic acid add 100 ml of H*0. (This soln should 
have a negligible permanganate oxidation number.) 

(b) Sulfuric acid soln. —Mix equal volumes of HtSCh and H*0. 

(c) Potassium iodide soln. —Dissolve 30 g of KI in 100 ml of HiO and filter. Do 
not use after discoloration with iodine. 

APPARATUS 

For the steam distillation all-glass apparatus is preferable; if this is not available f 
cover all cork or rubber stoppers with tin or aluminum foil. 

DETERMINATION 

Adjust the vinegar to 4 g/100 ml acidity as acetic with HaO. Steam distil 50 ml 
of adjusted vinegar, maintaining the volume so as to have a residue of 45 ml for 50 
ml of distillate. Keep distillate and reagents at 25°. Transfer the 50 ml distillate to 
a 250 glass-stoppered Erlenmeyer flask. Add 10 ml of the H 2 S0 4 and 25 ml of normal 
permanganate soln. Hold at 25°, preferably in HaO bath, for exactly 1 hour. Then 
immediately add 20 ml of the KI soln and mix well. Titrate the freed iodine with 5 
N Na 2 SaOa soln. Run blank of the acetic acid soln with the sample and subtract the 
normal KMn0 4 used from the 25 ml before subtraction of the ml of the 5 N Na 2 S*0*. 

To obtain the permanganate oxidation number divide by 2 the NajSjOa soln 
used and subtract this from 25. If the permanganate oxidation number is more than 
15, repeat, taking half the original quantity of vinegar. Repeat this reduction by 
half until the ml of normal KMn0 4 soln used is less than 15. To obtain the perman¬ 
ganate oxidation number on the basis of 50 ml, multiply the ml of normal KMnCh soln 
used by the appropriate factor. 

If desirable run the permanganate oxidation number on 50 ml of the adjusted 
vinegar without distillation and also on the undistilled residue made up to 50 ml 
with HjO. 

(5) The official method for the determination of salt in prepared mus¬ 
tard (36, p. 474) was deleted (final action). 

(6) The method for the determination of salt in prepared mustard, as 
published in This Journal , 24, 703, except that 3-4 grams of sample are 
specified instead of 5 grams, was adopted as official (final action). 

XXXIV. SUGARS AND SUGAR PRODUCTS 

(1) The official methods for the determination of ash (9, 10, 487) were 
changed to provide for the use of a sample of appropriate weight for the 
product being examined. 

(2) Hammond’s copper equivalents of dextrose, levulose, invert sugar, 
and mixtures of invert sugar and sucrose containing, respectively, 0.3, 
0.4, and 2.0 grams of total sugar (NBS Research Paper RPI 301, p. 589; 
J. Research Nat . Bur Standards , 24, May, 1940; This Journal , 25, 674) 
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were adopted as official (first action). Publication of this table will be 
postponed until the next revision of Methods of Analysis , A.O.A.C. 

(3) The method for the determination of moisture in honey by means 
of a refractometer and the table of refractive index and moisture equiva¬ 
lents of H. D. Chataway (This 'Journal , 25, 99) were adopted as official 
(final action). 

XXXV. VEGETABLES AND VEGETABLE PRODUCTS 

No additions, deletions, or other changes. 

XXXVI. VITAMINS 

(1) The following assays for the determination of vitamins were 
adopted as tentative: 

(The term “H 2 O” means distilled water in every case.) 

ASCORBIC ACID (VITAMIN C) 

(Applicable to orange, grapefruit, lemon, lime, and tomato juice.) 

1 REAGENTS 

(a) Metdphosphoric acid—acetic acid stabilizing extracting soln .—Dissolve with 
shaking 15 g of stick glacial HP0 3 in 40 ml of glacial acetic acid and 200 ml of H 2 0, 
dilute to ca 500 ml, and filter rapidly thru a fluted filter into a glass-stoppered bottle. 
(The HPOs slowly changes to HjPCL, but if stored in refrigerator it remains satis¬ 
factory for 7-10 days.) 

(b) Sodium bicarbonate. —0.05 M NallCO*. Dilute 10 ml of NaHCO* with 40 ml 
ofHaO. 

(c) Sodium 2,5-dichlorobenzeneoneindophenol (2,6 dichlorophenolindophenol , so¬ 
dium salt ) soln. —Dissolve 0.05 g of reagent-grade indophenol dye, which has been 
stored in a desiccator over soda-lime, in 50 ml of H*0 to which has been added 42 
mg of NaHCO*; shake vigorously, and when the dye has dissolved dilute to 200 ml 
with H 2 0. Filter thru a fluted filter into an amber glass-stoppered bottle. Keep 
stoppered, out of direct sunlight, and store in refrigerator. (Decomposition prod¬ 
ucts that make the end point indistinct occur in some batches of dry indophenol 
and also develop with time in the stock soln. Add 5.0 ml of extracting agent con¬ 
taining excess ascorbic acid to 15 ml of the dye reagent. If the reduced soln is not 
practically colorless, discard and prepare a new stock soln. If the dry dye is at fault, 
obtain a new specimen.) 

(d) Standard ascorbic acid. —Use U.S.P. Reference 1-ascorbic acid (obtainable 
from Dr. E. Fullerton Qook, 43rd St. and Woodland Ave., Philadelphia, Pa.). 
Keep cool, dry, and out of light. 

(e) Indophenol. —Weigh accurately (±0.1 mg) ca 0.1 g of the U.S.P. Reference 
1-ascorbic acid, transfer to 100 ml glass-stoppered volumetric flask, and bring to 
mark (room temp.) with the HPO*-acetic acid reagent. Standardize the indophenol 
reagent at once as follows: Transfer three 2.0 ml aliquots of the standard to each of 
three 50 ml Erlenmeyer flasks containing 5.0 ml of the HPO*-acetic acid reagent. 
Titrate rapidly with the indophenol reagent from a 50 ml buret until there persists 
a light but distinct rose-pink color for at least 5 seconds. Each of the titrations should 
require ca 15 ml of the indophenol reagent, and they should check well within 0.1 
ml. In a like manner titrate three blanks composed of 7.0 ml of the HPO»-acetic acid 
reagent plus a volume of H 2 O ca equivalent to volume of indophenol reagent used 
in direct titrations. After substracting the average blanks (usually ca 0.1 ml) from 
the standardization titrations, calculate and express the strength of the indophenol 
reagent as mg of ascorbic acid equivalent per 1.0 ml of reagent. Standardize the 
indophenol reagent each day of use with a freshly prepared standard ascorbic acid 
soln. 
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2 PREPARATION OF SAMPLE AND DETERMINATION 

Prepare juices as directed under 2, p. 335. Add aliquots of at least 100 ml of the 
prepared juice to equal volumes of the HPOa-acetic acid reagent. Mix, and filter. 
Titrate 10 ml aliquots as directed for standardization of the indophenol reagent, and 
make blank determinations for corrections of the titrations as described under 
1(e), using the proper volumes of acid reagent and H*0. Express ascorbic acid as 
mg/100 ml of original juices. 

Note: Products containing ferrous iron, originating from defective cans or 
otherwise, give values in excess of their actual ascorbic acid content by this method. 
The following is a simple test to ascertain whether ferrous iron is present to an extent 
that invalidates the test.—Add 2 drops of 0.05% H 2 0 soln of methylene blue to 10 
ml of the freshly prepared sample of juice and the HP0 3 -acetic acid reagent. A dis¬ 
appearance of the methylene blue color after 5-10 seconds of mixing indicates the 
presence of interfering substances. 

THIOCHROME ASSAY FOR THIAMINE HYDROCHLORIDE (VITAMIN B.) 

1 REAGENTS AND APPARATUS 

(a) Double-normal sodium acetate. —Dissolve 275 g of reagent Na acetate in suf¬ 
ficient H 2 0 to make 1000 ml. 

(b) Bromocresol green pH indicator. —Dissolve 0.1 g of the indicator by triturating 
in an agate mortar with 2.8 ml of 0.05 N NaOH, then dilute to a volume of 200 ml 
with C0 2 -free H 2 0. 

(c) Thymol blue pH indicator. —Dissolve 0.1 g of the indicator by triturating in 
an agate mortar with 4.3 ml of 0.05 N NaOH, then dilute to a volume of 200 ml with 
C0 2 -free II 2 0. 

(d) Emyme soln.— Prepare on day on which it is to be used a 10% soln (H 2 0) of 
an enzyme preparation potent in diastatic and phosphorolytic activity. 

(e) Base-exchange silicate. —Purify an artificially prepared silicate of the base- 
exchange type, in the form of a granular powder of 50 to 80-mesh size, as follows: 
Place a convenient quantity (100-500 g) of the base-exchange silicate in a suitable 
beaker and add sufficient hot 3% acetic acid (HC 2 H 3 0 2 ) to cover material, and boil 
10-15 min., stirring frequently. Allow mixture to settle, and decant the supernatant 
liquid. Repeat this washing 3 times, then wash in a similar manner 3 times with a 
hot 25% aqueous soln of KC1 (1 part by weight of KC1 in 4 volumes of soln), and 
finally wash with boiling H 2 0 until the last washing gives no reaction for chloride. 
Dry the material at ca 100° and store in a well-closed container. 

(f) Base-exchange tube. —Use a base-exchange glass tube having an over-all 
length of 200 mm. A reservoir at the upper end, 50 mm in length and 25 mm in 
diameter, converges into the adsorption tube, which is 5-6 mm internal diameter 
and ca 140 mm long. At the lower end the tube is drawn into a capillary ca 10 mm 
long and of such diameter that when the tube is charged the rate of flow will be not 
more than 1 ml per min. Prepare the tube for use as follows: Place over the upper end 
of the capillary, with the aid of a glass rod, a pledget of fine glass wool. Add to the 
adsorption tube an H 2 0 suspension of 1.0-2.0 g of the purified base-exchange silicate 
(e), taking care to wash down all the silicate from walls of reservoir. To keep air out 
of adsorption column, keep a layer of liquid above the surface of the silicate during 
the adsorption process. The tube may be prevented from draining by placing a rub¬ 
ber cap (filled with H 2 0 to avoid inclusion of air) over the lower end of the capillary. 

(g) Neutral potassium chloride soln. —Dissolve 250 g of reagent KC1 in sufficient 
H 2 0 to make 1000 ml. 

(h) Acid potassium chloride soln. —Add 8.5 ml of reagent HC1 to 1000 ml of the 
neutral KC1 soln (g). 

(i) Sodium hydroxide soln. —15%. Dissolve 15 g of NaOH in sufficient H 2 0 to 
make 100 ml. 
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(j) Potassium ferricyanide soln .—1 %. Dissolve 1 g of reagent K$Fe(CN)« in 
sufficient HiO to make 100 ml. Prepare this soln on the day it is used. 

(k) Oxidizing reagent. —Mix 4.0 ml of the 1 % KjFe(CN)« (j) soln with sufficient 
15% NaOH soln (i) to make 100 ml. Use this soln within 4 hours. 

(l) Isobutyl alcohol. —Use isobutyl alcohol, reagent grade, and redistil in all glass 
equipment. 

(m) Quinine sulfate stock soln. —Use quinine sulfate soln to govern the repro¬ 
ducibility of the fiuorophotometer. Prepare a stock soln of this reagent by dissolving 
10 mg of quinine sulfate in sufficient 0.1 N HtS0 4 to make 1000 ml. Preserve this 
soln in light-resistant containers. 

(n) Quinine sulfate standard soln. —Dilute 1 volume of the quinine sulfate stock 
soln (m) with 39 volumes of 0.1 N H a S0 4 . (This soln fluoresces to ca the same degree 
as does the thiochrome obtained from 1 microgram of thiamine hydrochloride. Pre¬ 
serve this soln in light-resistant containers. 

(o) Thiamine hydrochloride stock soln. —Weigh accurately 20-25 mg of U.S.P 
Thiamine Hydrochloride Reference Standard that has been kept in a desiccator 
over PiO* for at least 16 hours. Since the reference standard is hydroscopic, take pre¬ 
cautions to avoid adsorption of moisture. Dissolve in 20% alcohol adjusted to a pH 
of 3.5-4.3 with HC1 and make up to volume of 1000 ml. Store in cool place in well- 
closed, light-resistant container. 

(p) Thiamine hydrochloride standard soln. —From a portion of the stock soln (o) 
that has been warmed to room temp., transfer to a 100 ml volumetric flask an aliquot 
containing exactly 100 micrograms of thiamine hydrochloride, and dilute to 100 ml 
with HtO adjusted to a pH of 3.&-4.3 with HC1. (Each ml of this soln contains 1 
microgram of thiamine hydrochloride.) Treat dilutions of this soln as directed in 2 
with respect to acid digestion, enzyme treatment, adsorption, and elution from the 
base exchange silicate. 

2 PREPARATION OF ASSAY SOLUTION 

Take such a quantity of material for the assay that the ratio of the volume of 0.1 
N Hj 80 4 used for the extraction of the quantity of sample is at least 15 to 1, and the 
content of thiamine is equivalent to 30-100 micrograms of thiamine hydrochloride. 
Place the accurately weighed material in 65 ml of 0.1 AT H*S0 4 contained in a 100 ml 
centrifuge tube and digest on a steam bath, with frequent mixing, for 30 min. If the 
liquid is not distinctly acid to the thymol blue pH indicator, add sufficient 10% 
HsS 0 4 to make it acid. Cool, and adjust the pH to 4-4.5 by the addition of the dou¬ 
ble-normal Na acetate soln, using bromocresol green pH indicator as an external in¬ 
dicator in conjunction with a spot plate. Add 5 ml of the enzyme soln, mix, and incu¬ 
bate at 45-50° for 3 hours. Cool, centrifuge mixture until supernatant liquid is clear 
or practically so, and quantitatively transfer supernatant liquid to a 100 ml vol¬ 
umetric flask. Wash residue by centrifuging with 10 ml, then with 5 ml of 0.1 N 
HsSO«. Add washings to supernatant liquid and dilute to 100 ml with HaO. 

Pass thru the prepared base-exchange tube an aliquot of the soln estimated to 
contain 5-10 micrograms of thiamine, and wash tube with three 5 ml portions of 
boiling H s O, taking care to prevent the surface of the liquid from falling below the 
surface of the silicate. 

Elute the thiamine from the base-exchange silicate by passing successively thru 
the tube small portions of the hot acid KC1 soln. Collect the first 15 ml of the liquid 
(eluate) in a glass-stoppered, 25 ml volumetric flask, cool, and dilute to a volume of 
25 ml with acid KC1 soln. This constitutes the assay soln. 

3 OXIDATION OF THIAMINE TO THIOCHROME AND 

MEASUREMENT OF FLUORESCENCE 

Determine the thiamine content of the oxidized assay soln by comparing the 
intensity of fluorescence of an extract of this soln exposed to ultraviolet rays ranging 
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from 350 mp to 400 mu with that from the oxidized thiamine hydrochloride stand¬ 
ard soln. The intensity of the fluorescence is proportional to the quantity of thiamine 
present and may be measured with the aid of various instruments. 

To oxidize thiamine to thiochrome add to quantitities of the assay soln and of 
the similarly treated thiamine hydrochloride standard soln containing 0.10-2.0 
micrograms of thiamine, sufficient acid KC1 to produce a volume of 5 ml. Then add 
with mixing 3 ml of oxidizing soln. Immediately thereafter add 13 ml of isobutyl 
alcohol and shake vigorously for at least 1J min. Centrifuge the mixture at a low 
speed until a clear supernatant soln is obtained. Measure in a fluorometer the in¬ 
tensity of fluorescence of the isobutyl alcohol soln directly if clear, or if cloudy, 
after shaking with 2 g of anhydrous NaSC> 4 . Compare with this the intensity of 
fluorescence produced after oxidation of the properly prepared thiamine hydro¬ 
chloride standard soln. Use quinine sulfate standard soln to govern the reproducibil¬ 
ity of the instrument, and make correction for fluorescence produced by substances 
other than thiamine by determining the intensity of fluorescence of thiamine hy¬ 
drochloride standard soln, and assay solns treated as described above, but with 15% 
NaOH soln replacing the oxidizing reagent. 

(The thiochrome assay for thiamine hydrochloride is applicable to a number of 
materials, but cannot be relied upon when certain interfering substances are pres¬ 
ent.) In the latter case, U8e the tentative A.O.A.C. biological assay for thiamine 
hydrochloride ( This Journal , 24,150). 


MICROBIOLOGICAL ASSAY FOR NICOTINIC ACID (NIACIN) 
OR NICOTINAMIDE (NIACINAMIDE) 

REAGENTS 


(a) Test soln of material to be assayed. —Place sufficient material, accurately 
weighed, to represent 0.02 to 0.1 mg of nicotinic acid, in a 300 ml flask, add 100 ml 
of normal H*SC> 4 , and mix thoroly. Heat mixture in autoclave at 15 lbs. pressure 
(121.5°) for 30 min., cool, add NaOH T.S. to produce a pH of 6.8, and add H a O to 
make a volume such that 1 ml contains ca 0.1 microgram nicotinic acid. 

(b) Standard nicotinic acid soln. —Accurately weigh 50 mg of U.S.P. Nicotinic 
Acid Reference Standard and add sufficient alcohol to make 500 ml. Store this stock 
soln in refrigerator. Prepare the standard soln by diluting 1 ml of the stock soln, 
which has been warmed to room temp., with sufficient H*0 to make 1000 ml, repre¬ 
senting 0.1 microgram of the reference standard in each ml of soln. Prepare fresh 
standard soln for each assay. 

(c) Basal medium stock soln. —Sufficient for 50 tubes. 


ml 

Acid-hydrolyzed casein soln. 25 

Tryptophane soln. 50 

Cystine soln. 100 

Adenine-guanine-uracil soln . 5 

Thiamine hydrochloride soln . 0.5 

Calcium pantothenate soln. 0.5 

Pyridoxine hydrochloride soln. 1 

Riboflavin soln. 1 

p-Aminobenzoic acid soln. 0.5 

Biotin soln. 2 

Salt soln A*. 2.5 

Salt soln Bf. 2.5 

grams 

Anhydrous dextrose. 5 

Sodium acetate. 3 


* Dissolve 25 g of 1010*04 and 25 g of K*HPO« in sufficient H,0 to make 260ml of soln. 
f Dissolve 10 g of MgSO«, 0.5 g of reagent NaCl, 0.5 g of FeSO* and 0.5 g of MnSO« in sufficient H.O 
to make 250 mi. 
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Mix the ingredients, adjust soln to pH of 6.8, and add sufficient HaO to make 
250 ml. 

(d) Acid-hydrolized casein soln. —Mix 100 g of vitamin-free casein with 500 ml 
of constant-boiling HC1 (ca 20% HC1) and reflux mixture for 8 hours. Remove the 
HC1 from mixture by distillation under reduced pressure until a thick sirup remains. 
Dissolve sirup in HaO and again concentrate mixture in same manner. Redissolve 
the resulting sirup in H 2 O, adjust the soln to pH of 3.0 with NaOH T.S., and add 
sufficient HaO to make 950 ml. Add to soln 20 g of activated charcoal, and stir for an 
hour, then filter. Repeat the treatment with activated charcoal if the filtrate does 
not appear straw colored to colorless. Adjust the pH of the filtrate to 6.8 and add 
sufficient HaO to bring the volume to 1000 ml. Store this soln under toluene in re¬ 
frigerator. 

(e) Cystine soln. —Dissolve 1 g of 1-cystine in 20 ml of 10% HC1 and add sufficient 
HaO to make 1000 ml. Store soln under toluene in refrigerator not below 10°. 

(f) Tryptophane soln. —Dissolve 1 g of 1-tryptophane in 5-6 ml of 20% HC1 and 
add sufficient HaO to make 1000 ml. Store soln under toluene in refrigerator. 

(g) Adenine-guanine-uradl soln. —Dissolve 0.1 g of each adenine sulfate, guanine 
hydrochloride, and uracil wHh the aid of heat in 5 ml of 20% HC1, and add sufficient 
HaO to make 100 ml. Store soln in refrigerator. 

(h) Thiamine hydrochloride soln. —Prepare a soln containing 0.1 mg/ml by dis- 
solving crystalline thiamine hydrochloride in 25% alcohol adjusted to a pH of 3 with 
HC1. Store soln in refrigerator. 

(i) Calcium pantothenate soln. —Prepare a soln containing 0.1 mg/ml by dissolv¬ 
ing crystalline calcium pantothenate in neutral 25% alcohol. Store soln in refrigera¬ 
tor. 

(j) Pyridoxine hydrochloride soln. —Prepare a soln containing 0.1 mg/ml by 
dissolving crystalline pyridoxine hydrochloride in 25% alcohol. Store soln in re¬ 
frigerator. 

(k) p-Aminobenzoic add soln. —Prepare a soln containing 0.1 mg/ml by dissolv¬ 
ing crystalline p-aminobenzoic acid in 25% alcohol. Store soln in refrigerator. 

(l) Riboflavin soln. —Prepare a soln containing 0.1 mg/ml by dissolving crystal¬ 
line riboflavin in 0.02 N acetic acid. Store the soln, protected from light, in re¬ 
frigerator. 

(m) Biotin soln. —Prepare a soln containing 0.1 microgram/ml by dissolving 
crystalline biotin (free acid) in 50% alcohol. Store soln in refrigerator. 

(n) Stock culture of Lactobacillus arabinosus 17-5.* —To 5 ml of yeast extract soln 
in 95 ml of HaO, add 1 g of anhydrous dextrose and 1.5 g of agar, and heat mixture 
on steam bath until agar has dissolved. Add ca 10 ml portions of the hot soln to test 
tubes, plug tubes with non-absorbent cotton, sterilize in autoclave at 15 lbs. pres¬ 
sure (121.5°) for 20 min., and allow to cool in an upright position. Prepare stab cul¬ 
tures, using a pure culture of Lactobacillus arabinosus 17-5,* incubate for 16-24 
hours at any selected temp, between 30° and 37° held constant to within ±0.5°, and 
finally store in refrigerator. Prepare a fresh stab of stock culture every week and do 
not use for inoculum if the culture is more than 2 weeks old. 

(0) Culture medium. — To each of a series of tubes containing 5 ml of the basal 
medium stock soln add 5 ml of H 3 0 containing 2 micrograms of nicotinic acid. 
Sterilize in autoclave at 15 lbs. pressure (121.5°) for 20 min. 

(p) Inoculum. —Make a transfer of cells from the stock culture of Ladobadllus 
arabinosus 17-5 to a sterile tube containing 10 ml of culture medium. Incubate this 
culture for 16-24 hours at any selected temp, between 30° and 37° held constant to 
within ±0.5°. Make a transfer of one drop from this tube to another sterile tube of 

* Pure cultures of Lactobacillus arabinosus 17-5 may be obtained as culture No. 8014 from the American 
Type Culture collection, Georgetown University Medical School, Washington, D. C. 
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culture medium and incubate for 16-24 hours at any selected temp, between 30° and 
37°. Under aseptic conditions centrifuge the culture and decant the supernatant 
liquid. Prepare the inoculum by suspending the cells from the culture in 10 ml of 
sterile isotonic soln of NaCl. If assays are to be made on each of several successive 
days, the inoculum may be prepared by successive daily transfers in the culture 
medium for a period not exceeding 1 week. 

ASSAY PROCEDURE 

Prepare standard nicotinic acid tube as follows: To duplicate tubes, 16 XI 50 mm 
in size, add 0.0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, and 5.0 ml, respectively, of 
the standard nicotinic acid soln. To each of these tubes add 5 ml of basal medium 
stock soln (c) and sufficient H 2 O to bring the volume in each tube to 10 ml. 

Prepare tubes containing the material to be assayed as follows: To duplicate 
tubes add, respectively, 1.0, 2.0, 3.0, and 4.0 ml of the test soln of the material to be 
assayed. To each of these tubes add 5 ml of basal medium stock soln and sufficient 
H 2 O to bring volume in each tube to 10 ml. 

After thoro mixing, plug tubes of two series mentioned above with non-absorbent 
cotton, and autoclave at 15 lbs. pressure (121.5°) for 20 min. Cool, aseptically inocu¬ 
late each tube with 1 drop of inoculum, and incubate for 72 hours at any selected 
temp, between 30° and 37°, held constant to within ±0.5°. Contamination of the 
assay tubes with any organisms other than Lactobacillus arabinosus invalidates the 
assay. 

Transfer contents of each tube to suitable container, using ca same quantity of 
HjO in each instance for rinsing. Titrate contents of each flask with 0.1 A NaOH, 
using bromothymol blue as indicator, or to pH of 6.8 measured electrometrically. 

CALCULATION 

Prepare a standard curve of the nicotinic acid standard titrations by plotting 
the average of the titration values expressed in 1 ml of 0.1 N NaOH for each level 
of nicotinic acid standard soln used, against micrograms of nicotinic acid contained 
in the respective tubes. From this standard curve determine by interpolation the 
nicotinic acid content of the test soln in each duplicate set of tubes. Discard any 
values that show more than 0.4 or less than 0.05 microgram of nicotinic acid in each 
tube. Calculate nicotinic acid content in each ml of test soln for each of the duplicate 
sets of tubes, and that of the test material from the average of the values obtained 
from not less than 3 sets of these tubes that do not vary by more than ±10% from 
the average. If the titration values of two or more of the duplicate sets of tubes con¬ 
taining the test soln fall below the titration values of the Nicotinic Acid Standard 
tubes containing 0.05-0.4 mg of nicotinic acid, the nicotinic acid content of the test 
soln is too low to permit calculation of nicotinic acid content of the test material. 
Titration values exceeding 2 ml for the tubes of the standard nicotinic acid soln 
series containing 0.0 ml of the soln indicate the presence of an excessive amount of 
nicotinic acid in the basal medium stock soln and invalidate the assay. 

CAROTENE 

Chromatographic Method 
1 REAGENTS 

(a) Alcoholic potash .—Dissolve 12 g of KOH in 100 ml of 95% ethyl alcohol. 

(b) Petroleum benzin .—Use petroleum benzin, boiling point 30-70°, or Skelly- 
solve F, boiling point 86-170°F (30-70°C.). 

(c) Methanol. —90%. Dilute 100 ml of water in a 1 liter flask to volume with ab¬ 
solute methanol. 
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(d) Calcium hydroxide .—Use ordinary commercial hydrated lime that has been 
sifted thru a 48-65-mesh sieve. 

2 PREPARATION OF ADSORPTION COLUMN 

Prepare the adsorption column as directed in This Journal, 25, 886, except to 
use the Ca(OH)s instead of MgO and omit cooling the column with ice water. 

3 EXTRACTION OF PIGMENTS 

In the extraction of pigments, avoid the use of methods in which heating is used 
because heating produces neo-beta carotene. 1 

(a) Fresh materials, butter, egg yolk, and fresh or dried fecal material .—Chop the 
fresh material into pieces ca {' long and weigh 10 g into the chamber of a Waring 
blendor or similar type of apparatus. Add 150-200 ml of the alcoholic KOH and 
grind for 5 min. Extract with petroleum benzin and wash with methyl alcohol as 
directed in 61, p. 369. 

(b) Dried hays t grass, and dehydrated leafy vegetables .—To 5-25 g of material, 
depending on carotene content, add 150-200 ml of alcoholic KOH and let stand 
overnight in refrigerator. Then grind in a Waring blendor or similar type apparatus 
and extract as directed in 3(a). 

(c) Fresh sweet potatoes. —Proceed as directed for other fresh materials, 3(a), ex¬ 
cept to use 95% ethyl alcohol in place of the alcoholic KOH. 

(d) Dehydrated fruits or vegetables high in sugar , such as dried apricots , carrots, or 
sweet potatoes. —Weigh a 5-10 g sample, add 50-100 ml of water, and allow to stand 
overnight in refrigerator. Then proceed as directed in 3(a). 

4 SEPARATION OF PIGMENTS 

Separate the chromatographic pigments as directed in the method for yellow 
corn published in This Journal, 25, 887. With most materials, the bands of pigments 
found in the columns starting from the top are as follows: 

(a) Impurity A. —May consist of several bands of yellow, red, or brownish yellow 
pigments. 

(b) Carotenoid X. —A light orange pigment just above the beta carotene band. 
This pigment separates late in the analysis. 

(c) Beta carotene. —A wide reddish orange band. 

(d) Neo-beta carotene. —A yellow-orange band immediately below the beta caro¬ 
tene band. 

(e) Alpha carotene. —An orange band that is not present in most materials in ap¬ 
preciable amounts. 

Another small band is Borne times present below the alpha carotene band. For 
all practical purposes it may be removed with the alpha carotene. Sometimes caro¬ 
tenoid X separates from the other pigments very slowly. Washing the column with 
petroleum benzin containing 1-5% acetone is often helpful. 

(2) The following modifications of the tentative method for the deter¬ 
mination of crude carotene in hay and dried plants (61, p. 369) were 
adopted to extend the utilization of the method to other materials: 

(a) Fresh green materials. —For samples to be analyzed soon after gathering (1-2 
hours), place 100 g of material in large evaporating dish, soak in 100 ml of 95% ethyl 
alcohol for 5 min., and cut up with scissors. Add 100 g of clean white sand, free of 
organic matter, and grind until a uniform mixture is obtained. For samples necessi- 


1 Jnd. Eng. Chem., In press (1943). 
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tating shipment or delay in analysis, place ca 100 g of material in tared fruit jar with 
weighed quantity of alcohol or methanol. Seal jar by using jar rubber under lid. 
Upon arrival at laboratory, weigh jar and contents, and subtract weight of jar and 
alcohol from total weight to obtain weight of sample. 

Pour contents of jar into an evaporating dish, cut up with scissors, and grind 
with sand as directed above. Decant liquid from solid part thru cheese cloth and 
make up to volume. Weigh solids. Take aliquots of both solid and liquid, equivalent 
to 5 g of the fresh untreated material and mix together for carotene analysis. Sapon¬ 
ify sample by boiling for 30 min. in 50 ml of 12% alcoholic KOH. Cool, add 50 ml of 
petroleum benzin, and decant liquid into separatory funnel. Transfer residue to 
mortar and grind with pestle, first with 15 ml portion of petroleum benzin and then 
with mixture of 5 ml of 95% ethyl alcohol and 15 ml of petroleum benzin until no 
further color is extracted. Then proceed as directed in 61, p. 369. 

(b) Fresh green materials that have been preserved in methanol or ethyl alcohol and 
only crude carotene on dry basis is desired. —Pour off as much of the alcohol as possi¬ 
ble. Grind solid portion in food chopper and place in tightly sealed jar to prevent 
evaporation. Weigh out 5 g of the solid material and proceed as directed in (a). 
Determine dry matter in portion of sample. 

(c) Fresh carrots and apricots. —Grind material in food chopper. Weigh 5 g of sam¬ 
ple and reflux with alcoholic KOH as directed in 61, p. 369, except to triturate the 
residue with petroleum benzin and alcohol until no more color is removed. 

(d) Fresh sweet potatoes. —Proceed as directed in 61, p. 369, except to reflux with 
95% ethyl alcohol instead of alcoholic KOH. 

(e) Dehydrated fruits and vegetables containing high amounts of sugar (carrots, 
sweet potatoes, apricots, etc.).—To 2-5 g sample, add 20-50 ml of 1I 2 0 and allow to 
stand overnight in refrigerator. Then proceed as directed in 61, p. 369. (Use of a 
Waring blendor or similar type apparatus is helpful in the extraction of these sam¬ 
ples.) 

(f) High lycopene-containing materials (tomatoes and watermelons ).— 

REAGENTS 

Magnesium carbonate. —Use U.S.P. light MgCO* that will adsorb less than 5% 
of carotene when tested by the following method: 

Place ca 1 g in a tube as directed below and pass thru it a soln of purified carotene 
(This Journal , 24, 860), containing 1.0-1.5 p.p.m. of carotene. Wash with the petro¬ 
leum benzin and determine the carotene in the filtrate. If the MgCOs is too retentive 
of carotene, try another lot. 


PREPARATION OF COLUMN 

Place 1 g of the MgCO* in a glass tube 5-8 mm wide and ca 15 mm tall, con¬ 
stricted at one end and plugged with a wad of cotton. Apply suction and pack the 
MgCOi firmly but not too tightly with a cork having a smooth surface and attached 
to a glass rod. 

DETERMINATION 

Weigh 5 g of sample and obtain the crude carotene as directed in 61, p. 369. 
Dilute to 200 ml. Evaporate 50 ml aliquot in vacuo to ca 10 ml. Then run thru a 
column of MgCOi. Wash column with petroleum benzin until all carotene is washed 
thru. (A red band of lycopene will pass slowly down the column. Bo careful that none 
of this pigment is washed thru the column.) Dilute soln that passes thru column to 
appropriate volume and determine the amount of crude carotene as directed in 61, 
p. 369, 



110 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXVII , No. 1 

(g) Canned foods. —Pour contents of can onto piece of cheese cloth and allow 
liquid to drain. Grind solids in food chopper and proceed as directed in 61, p. 369. 

(h) Butter and other fats, egg yolks, and Uver. —Weigh 6 g sample and proceed as 
directed in 61, p. 369. 

(i) Blood plasma. —Weigh 10-30 g of blood plasma and reflux with 26-60 ml of 
alcoholic KOH for 16 min. Proceed as directed in 61, p. 369. 

XXXVII. WATERS, BRINE, AND SALT 

(1) The tentative method of reporting results on waters and brine 
(81, p. 543) and the table of combining weights and their reciprocals were 
made official (first action). 

(2) The method for the determination of fluorides in water (22, p. 529, 
and corrected in This Journal, 25, 101) was adopted as official (final ac¬ 
tion). 

(3) Tentative methods I and II for the determination of iodides in salt 
(100-105, pp. 547-548) were deleted. 

(4) As modified by the associate referee, the tentative Elmslie-Cald- 
well method for the determination of iodides in mineral mixed feeds (58, 
p. 368) was adopted as official (first action) for the determination of iodine 
in salt. This method follows: 


IODINE IN SALT 

Take 25 ml aliquots of a 20% soln of iodized salt, add 5 g of Na 2 C0 8 , cover with 
watch-glass, and boil gently for 10 min. Transfer contents to 18 cm filter paper and 
wash with boiling H 2 0, catching filtrate and washings in 500 ml Erlenmeyer flask 
(soln should total ca 300 ml). Neutralize to methyl orange with 85% HsPOi, and 
add 1 ml in excess. 

Add excess of Br water and boil soln gently until colorless, and then 5 min. 
longer. Add a few crystals of salicylic acid and cool to ca 20°. Add 1 ml of 85% 
HsP 0 4 and ca 0.5 g of KI and titrate I with 0.005 N Na 2 S 2 0s in the usual way, 
using starch soln (3(e), 44) as indicator. 

Standardize the Na 2 S 2 O a soln by measuring into a 500 ml Erlenmeyer exactly 25 
ml of a standard soln containing 0.1308 g of KI per liter, adding 300 ml of H 2 0 and 
5 g of Na 2 CO#, neutralizing, and proceeding as directed above, beginning “Add ex¬ 
cess of Br water. . . . ” 

(It is advisable to standardize the Na 2 S 2 0 2 soln same day determinations are 
conducted.) 

XXXVin. RADIOACTIVITY 

No additions, deletions, or other changes. 

XXXIX. DRUGS 

(1) The title of the official method for the determination of barbital 
and phenobarbital (44, 45, p. 574) was changed to read “Barbiturates,” 
and to 44(b) there was added the following statement: “(Chloroform 
alone may be used except with nostal and pernoston).” 

(2) The microchemical tests for the determination of choline published 
in This Journal , 26, 96, were adopted as tentative. 

(3) The microchemical test for the determination of sulfadiazine pub¬ 
lished in This Journal , 26 f 97, was adopted as tenative, 
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(4) The iodination method for the determination of phenolphthalein in 
emulsions published in This Journal , 26, 312, was adopted as tentative. 

(5) The spectrophotometric method for the determination of quinine 
published in This Journal , 26, 240, was adopted as tentative. 

(6) The following spectrophotometric method for the determination of 
quinacrine was adopted as tentative: 

QOTNACRINE 

APPARATUS 

(ft) Spectrophotometer or photoelectric photometer .—Having a filter with a peak 
transmittance at 524 m/** 

(b) Matched 1 cm absorption cells. 


REAGENTS 

(ft) Hydrochloric acid. —Approximately 0.1 N. 

(b) Quinacrine hydrochloride. —Determine purity by U.S.P. assay or nitrogen by 
Kjeldahl method, 21, p. 26. 

(c) Standard soln. —2.5 mg of quinacrine hydrochloride per 100 ml of 0.1 N HC1. 

DETERMINATION 

Accurately weigh or measure a quantity of sample containing ca 100 mg of 
quinacrine hydrochloride and transfer to 1000 ml volumetric flask. Add ca 100 ml of 
the PI Cl and heat on steam bath until the quinacrine hydrochloride has dissolved. 
Cool, and dilute to volume with the HC1. 

Filter soln if not perfectly clear. Pipet an aliquot containing 2-3 mg of quinacrine 
hydrochloride into 100 ml volumetric flask and fill to mark with the HC1. Determine 
the absorption (E) of the standard soln and also relative to a blank of 0.1 N HC1 at 
425 mp. 

E sample 

Mg of quinacrine hydrochloride in aliquot *»-X2.5. 

E standard 

(7) The following methods were made official (final action): 

Monobromated camphor, Method II (51, p. 576). 

Pilocarpine hydrochloride (95, p. 589). 

Calomel in calomel ointment (192, p. 620). 

Hypophosphites in sirup, Methods I and II (180, 181, p. 617). 

Salicylic acid in presence of other phenols (38, p. 572). 

Tetrachloroethylene in mixtures (135, p. 604). 

(8) The following tentative methods were adopted as official (first 
action): 

Acetophenetidin and caffeine (16, p. 565). 

Acetylsalicylic acid, acetophenetidin, and caffeine (32, p. 570). 

Bismuth compounds in tablets (178, p. 617). 

Calcium gluconate (179, p. 617). 

Effervescent potassium bromide with caffeine (202, p. 623). 

Iodine ( 183 , p. 618). 

Mandelic acid (154, p. 610). 

Oil of chenopodium (208, p. 625). 

Phenolphthalein in chocolate preparations (162, p. 613). 
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Sulfanilamide (168, p. 614). 

Theophylline (107, p. 693). 

XL. MICROBIOLOGICAL METHODS 

No additions, deletions, or other changes. 

XLI. MICROCHEMICAL METHODS 

No additions, deletions, or other changes. 

XLII. STANDARD SOLUTIONS 

(1) The method for the preparation of standard hydrochloric acid solu¬ 
tion from constant boiling acid (This Journal , 25, 110) was adopted as 
official (final action). 

(2) The method for standardizing sodium hydroxide solutions by 
means of constant boiling hydrochloric acid ( This Journal , 25, 112) was 
adopted as official (final action). 

COSMETICS 

(1) The tentative method for the determination of salicylic acid in hair 
lotions (This Journal, 25, 112; and as revised, Ibid., 26, 355) was adopted 
as official (first action). 

(2) The method for the determination of sulfides in depilatories pub¬ 
lished in This Journal, 25,113, was adopted as official (final action). 

(3) The two methods, benzoquinone and acetylation, for the determina¬ 
tion of paraphenylenediamine in hair dyes, published in This Journal , 25, 
113, were adopted as official (final action). 

(4) The methods for the determination of D&C Orange No. 3 and D&C 
Yellow No. 7 published in This Journal, 25, 114, were adopted as official 
(final action). 

(5) The following method for the determination of pure dye in D&C 
Red Nos. 8 and 31 was adopted as tentative: 

PURE DYE IN D&C RED NO. 8 AND D&C RED NO. 31 

In a wide-mouthed Erlenmeyer flask dissolve 0.2 g of sample in 5 ml of HsSO«. 
Dilute with 100 ml of H,0 and add sufficient 30% NaOH to leave soln slightly acid. 
Add 16 g of Na bitartrate and heat to dissolve the buffer. Add ca 126 ml of 96% 
alcohol, heat to boiling, and titrate slowly, especially towards end, with TiCls to a 
yellow end point. 

1 ml of 0.1 N TiCl.-0.00997 g of D&C Red No. 8 
1 ml of 0.1 N TiCla-0.007783 g of D&C Red No. 31 

(6) The method for the determination of halogens in halogenated fluo¬ 
resceins published in This Journal , 25,757, was adopted as tentative after 
the following change had been made in the wording for clarification. 
Change the last two sentences of paragraph 1(1) to read: “Continue to 
add the KNO« until practically all the MnOa is reduced. If a few particles 
of Mn0 3 resist the action of the KNO 2 , do not attempt to destroy these, 
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but immediately add the dilute KMnO* in 1 ml portions until soln be¬ 
comes pink.” 

(7) The method for the determination of alizarin in madder lake pub¬ 
lished in This Journal , 25, 956; 26, 242, was adopted as official (first ac¬ 
tion). 


No report was given by the Committee to Confer with American Public 
Health Association on Standard Methods of Milk Analysis. 


REPORT OF REPRESENTATIVES ON BOARD OF 
GOVERNORS OF CROP PROTECTION INSTITUTE 

This report covers the years 1942 and 1943. 

The Crop Protection Institute has continued to function as in former 
years, though with fewer projects. Most of the research pursued has been 
closely related to the war emergency. Many of the projects sought substi¬ 
tutes for insecticides and fungicides that are no longer available and the 
devising of means for the more efficient use of materials that are still 
available through the use of new spreaders and adherents. 

The demand for food and the interest in its products through many new 
channels have stimulated and given an impetus to research aimed at crop 
protection and security. The result of this awakened interest is likely to 
continue for some years and we hope that it may lead to the discovery of 
new materials and methods that will prove very worth-while in practice. 

The world-wide contacts and interchange of materials which the war has 
caused are sure to bring the introduction of a variety of new plant and 
animal diseases and pests, which will flourish in their new environments 
and present either new or enlarged problems, the solution of which will re¬ 
quire the active cooperation of chemists with the entomologists, plant 
physiologists, and plant pathologists. 

The program of the Crop Protection Institute has continued to empha¬ 
size the importance of finding insecticides and fungicides that are efficient, 
cheap, and harmless to man and animals. Some by-products that have re¬ 
sulted from the manufacture of war goods will no doubt have value in 
crop growth and protection. These complex objectives require a wide 
range of research activities. 

The program of the Institute has been interrupted in some instances and 
slowed down in others by the shortage of technical men. This condition 
will continue for the duration of the war. The Institute is conducting the 
research projects listed below for the following firms: 

1. Albi Chemical Company.—Tests as fungicides of copper com¬ 
pounds, and modifications of them, now extensively used for mildew¬ 
proofing fabrics. 
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Armour and Company.—Tests of dried blood albumin as an adjunct 
for sprays and as an emulsifying agent for oil sprays. It has been found 
that 1 pound of dried blood to 100 gallons of spray enhances the effective¬ 
ness of nicotine spray. Dried blood in combination with fullers 1 earth in¬ 
creases the adhesiveness of insoluble materials in sprays. 

3. Carbide and Carbon Chemical Corporation.—Fungicide investiga¬ 
tions, including test of three new compounds for the control of apple scab. 
Two of these have given very promising results. Also insecticide investiga¬ 
tions that include tests of toxicants and repellents for fly sprays. Signifi¬ 
cant advances and promising data have been secured. 

4. Floriden Company.—Testing various combinations and methods for 
combining fullers’ earth with fungicides and insecticides for increasing 
their effectiveness. Results indicate a new way has been discovered. 

5. General Chemical Company.—Tests for some new organic com¬ 
pounds as fungicides. Work was conducted in North Carolina, Colorado, 
Mississippi, Ohio, and New York. 

6. Mathieson Alkali Works, Inc.—Tests of new residues as fungicides 
and household fly sprays. 

7. Rohm and Haas Company.—Studies of new cuprous and organic 
compounds as fungicides. 

8. The Solvay Process Company.—Tests of new products for use both 
as fungicides and insecticides. 

9. U. S. Industrial Chemicals, Inc.—Testing the growth-promoting 
properties of an organic material derived from molasses. 

The Institute also has conducted a considerable amount of preliminary 
exploratory work that could not be set up as a definite project. Much of 
this work has been done under the supervision of Dr. O’Kane in his labora¬ 
tory. 

The Board of Governors of the Institute would appreciate suggestions 
from this Association or its members as to the nature of its activities and 
fields where it might serve. 

H. J. Patterson 
W. H. MacIntire 

Approved. 


REPORT OF SECRETARY-TREASURER 
By W. W. Skinner 

During the two years since our last meeting the following members of 
this Association have died: 

John S. Abbott G. S. Spencer 

Theodore F. Pappe Robert Harcourt 

Walter S. Frisbie Richard F. Jackson 
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Samuel Palkin Melvin Pingree 

Fletcher P. Veitch Frank L. Wollard 

Robert H. Kerr George H. Adams 

The Committee on Necrology will report more fully on these former 
members and their obituaries. 

At a meeting of the Executive Committee held at the Cosmos Club 
Tuesday evening, October 26, there were present J. W. Sale, L. B. Brough¬ 
ton, G. G. Frary, J. O. Clarke, W. H. Ross, and W. W. Skinner, members 
of the Committee; H. A. Lepper, Chairman of the Editorial Committee 
and Editor of The Journal; and Miss Lapp, Assistant Secretary. G. H. 
Marsh was unable to come to Washington for the meeting. 

It was suggested that it would be well for the Auditing Committee to 
be appointed in advance of the meeting so that the members might have 
an opportunity to go over the auditor’s report carefully and confer with 
him if necessary in regard to any items. 

After a discussion as to whether the stock of Journals in the store room 
should be counted it was moved, seconded, and carried that this be done 
in view of the fact that Dr. Skinner is retiring and turning the property of 
the Association over to the new Secretary-Treasurer. 

It was moved, seconded, and carried that every three years the ac¬ 
counts receivable be broken down and reported in detail and that this be 
done this year for the accounts of 1941-1943. 

The 1945 revision of Methods of Analysis , A.O.A.C ., was considered and 
Mr. Lepper also discussed the affairs of The Journal and matter of re¬ 
prints. No definite changes were made in regard to policy in connection 
with either publication. 

The financial accounts for the year ending September 30 were audited 
by Lionel Farr of the firm of Snyder, Farr & Company. The following 
financial statement was read at the meeting of the Executive Committee 
and approved. 

STATEMENT OF CASH RECEIPTS AND DISBURSEMENTS 
FOR FISCAL YEAR ENDED SEPTEMBER 30, 1943 

CASH BALANCE, OCTOBER 1 , 1942 


Cash, Lincoln National Bank. $4,063.21 

Cash, Montgomery Mutual Building & Loan Association 1,203.78 

Cash on hand. 12.60 $ 5,279.59 

CASH RECEIPTS 

Sale of Methods. $5,760.88 

Sale of Journals. 5,663.62 

Sale of Wiley’s Principles.... 6.60 

Sale of Reprints. 178.80 

Sale of advertising. 449.70 12,059.60 
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For books ordered (for others). *.... 755.73 

Treasury bond redeemed. 1,000.00 

Interest on investments (bonds). 392.50 

Interest on Building & Loan Association account. 48.15 

Miscellaneous receipts... 3.65 


Total cash for which to account . $19,539.22 

CASH DISBURSEMENTS 

Salaries. $1,807.50 

Social security taxes. 12.38 

Postage. 330.17 

Association and meeting expense. 123.52 

Auditing. 150.00 

Refunds. 13.00 

Traveling expense. 150.00 

Printing and binding: 

Reprints. $ 694.61 

Journals. 4,490.68 5,185.29 


War bonds... 5,920.00 

Books ordered (purchased for others). 781.17 


Total disbursements . 14,473.03 


$ 5,066.19 


CASH BALANCE, SEPTEMBER 30, 1043 

Represented by: 

Cash on hand (petty cash). $ 57.43 

Cash on deposit, Lincoln National Bank. 3,756.83 

Cash on deposit, Montgomery Mutual Building & 

Loan Association. 1,251.93 $ 5,066.19 


STATEMENT OF INCOME AND EXPENSE 
FOR FISCAL YEAR ENDED SEPTEMBER 30, 1943 

INCOME 

Advertisements. $ 449.70 

Journals. 5,953.01 

Methods. 6,636.41 

Wiley's Principles. 12.75 

Reprints. 178.80 $13,230.67 


Interest on investments (bonds). 552.50 

Interest on Building & Loan Association account. 48.15 


Total income 


$13,831.32 
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expenses 


Discounts and allowances and refunds. $1,540.06 

Printing and binding. 7,054.88 

Salaries. 1,807.50 

Postage. 328.42 

Association and meeting expense. 229.51 

Auditing. 150.00 

Exchange. 20.09 

Social security taxes. 12.38 

Miscellaneous expense. 24.94 


Total expenses . 11,167.78 


Excess of income over expenses, to surplus . $ 2,663.54 


The A.O.A.C. is not a money making organization, and it is not in 
my opinion necessary or desirable to accumulate a large surplus fund. 
Therefore, one matter for the new board to consider seriously relates to 
its finances. When surplus funds were accumulating faster than seemed 
desirable a few years ago we reduced the cost of Methods of Analysis to 
members from $5.00 to $4.00. I do not advocate that the price of the book 
be further reduced; I think it would tend to cheapen the book to do so, 
but presumably, unless conditions at the time of the next issue are very 
different from what they were before, this publication will continue to be 
a definite source of surplus income for the Association. 

The Association is a public service corporation, and is incorporated 
under the Laws of the District of Columbia, but we are not taxed because 
we are a non-profit public service institution. However, apparently the 
auditor thinks we are not relieved from the fairly recent requirement of a 
liability to the Unemployment Compensation Board for the District of 
Columbia. He has recommended that we learn our status in relation to this 
law. 

I shall make no attempt to tell you in detail of the pleasures or the woes 
that have been a part of the office of Secretary-Treasurer for a period of 
twenty odd years. There have been some difficulties, which you can find 
if you look through the reports in The Journal. There have also been some 
very distinct pleasures, and therefore I lay down this office with some re¬ 
gret, but also with a very distinct feeling of having performed a service 
in which I feel a great deal of pride. I have no doubt that with the founda¬ 
tion that has been laid, the new Secretary-Treasurer will successfully 
carry on—provided he receives, as I have, the cordial, sympathetic sup¬ 
port of referees and members of the Association. Publication of the next 
issue of Methods of Analysis is somewhat in doubt because of the uncer¬ 
tainty of the times, but it is not too soon to begin planning the work of 
revision, which should be ready for publication the latter part of 1945. I 
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shall, of course, as long as I am able to do so, maintain a very lively inter¬ 
est in all the affairs of the Association. 

Mr. Sale: As I stated in my announcement of this meeting, we cer¬ 
tainly owe our heartfelt thanks for the service which Dr. Skinner has ren¬ 
dered over a long period of time. I think our appreciation of his services 
may take a more tangible form than a mere vote of thanks, but I shall 
now entertain a motion from the floor to the effect that we extend to him 
our heartfelt appreciation and thanks for the services given over a period 
of years. 

Mr. Lepper: I move that the heartfelt thanks of the Association be 
extended to Dr. Skinner for his services as Secretary-Treasurer. 

Seconded and carried. 

Dr. Skinner: I accept that with a great deal of satisfaction. 


SPECIAL MEETING OF BOARD OF DIRECTORS 

At a special meeting of the Board of Directors of the Association, held 
at Washington, D. C., November 3, 1943, G. G. Frary presiding, and a 
quorum being present, it was resolved: 

(1) That Henry A. Lepper, the Treasurer of the Association of Official 
Agricultural Chemists, be authorized and instructed to open a deposit 
account for and in the name of this organization with the Lincoln National 
Bank in the City of Washington, D. C., to deposit therein funds of the 
organization and that said account may be drawn on only by check signed 
in the name of this organization by its 

Secretary-Treasurer, Henry A. Lepper, or 
Assistant Secretary-Treasurer , Marian E. Lapp 

(2) That the Secretary-Treasurer be authorized to provide a suitable 
seal for the use of the Association. 

Both resolutions were seconded and carried. 


REPORT OF AUDITING COMMITTEE 

We, the Committee on Auditing, have examined the report and ac¬ 
counts of the Secretary-Treasurer, and find them balanced and in order. 
We have compared the Secretary-Treasurer’s report with the report of 
the certified public accountant, Snyder, Farr & Company, which report is 
in agreement with the Secretary-Treasurer’s accounts. 

In the report of the certified public accountant we note the only assets 
to be reviewed are those listed under investments. An examination of the 
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bonds held in safe deposit at the Union Trust Company, Washington, 
D. C., was made, and it was found that they correspond with the listed 
assets, totaling a face value of $35,000. 

W. C. Geagley 
M. S. Anderson 

Approved. 

REPORT OF COMMITTEE ON NECROLOGY 

The Committee on Necrology reports the passing of thirteen of our 
formers members; two in 1941, three in 1942, and eight in 1943. Included 
among these are three of the four persons who have held the directorship 
of the Office of State Cooperation in the U. S. Food and Drug Administra¬ 
tion. 

This office was established in 1914 and was first held by John S. Abbott. 
Prior to that time, he was for seven years the Food and Drug Commis¬ 
sioner of the State of Texas. He was head of the Office of Cooperation from 
1914 to 1920. Since 1920 he had been associated with the margarine in¬ 
dustry, and at the time of his death, January 23, 1943, he was Secretary 
and Research Director of the National Association of Margarine Manu¬ 
facturers. He was 71 years of age. While he was the Chief of the Office of 
Cooperation, he invariably attended our meetings and was also an occa¬ 
sional visitor subsequent to relinquishing that office. 

Mr. Abboott was succeeded in the Office of Cooperation by Theodore F. 
Pappe, who held the position for somewhat more than a year. He relin¬ 
quished the office to return to his former work in the Bureau of Chemistry. 
At the time of this death, August 4, 1942, he was connected with the 
Buffalo Station of the U. S. Food and Drug Administration. Mr. Pappe 
had acted as Associate Referee on Pilocarpine in Tablets, on Small Quan- 
ties of Iodides in Mixtures, and on Mercurials. 

Mr. Pappe was succeeded by Walter S. Frisbie, who in 1921 relinquished 
the office of Chief of the Bureau of Food, Drugs and Oil of the Department 
of Agriculture of the State of Nebraska. Mr. Frisbie passed away on 
February 19, 1942. He was one of our past presidents. An obituary has 
appeared in Volume 25, No. 1 of The Journal . Mr. Abbott outlived his 
two successors in that office. 

In Volume 26 of The Journal , obituaries have appeared for G. S. Spen¬ 
cer, who died on December 16, 1942, and for Robert Harcourt, who died 
March 19,1943. 

Dr. Richard F. Jackson of the Bureau of Standards died on June 1, 
1943, at the age of 62 years. An obituary has been prepared and will ap¬ 
pear in Volume 26, No. 4 of The Journal . 

Obituaries are being prepared for the following three persons: Dr. 
Samuel Palkin, Senior Chemist, Bureau of Chemistry and Soils, who 



120 ASSOCIATION or OFFICIAL AGBICT7LTCRAL CHEMISTS [Vol. XXVII, No.l 
* 

passed away May 2, 1943, at the age of 58; Dr. Fletcher P. Veitch, a man 
standing high in the branch of agricultural chemistry particularly per¬ 
taining to naval stores and leather, passed away October 15, 1943; Dr. 
Robert H. Kerr, Senior Chemist, Bureau of Animal Industry in charge 
of the Meat Inspection Laboratories, passed away on July 10, 1943. We 
all remember the very fine reports he has presented on meat and meat 
products. 

Dr. Walter Beal Ellett, chemist of the Virginia Agricultural Experiment 
Station since 1906, died on May 12, 1943. He was born November 11, 
1874, at Radford, Virginia; he obtained his B.S. degree in 1894, his M.S. 
degree in 1896 from the Virginia Polytechnic Institute, and his Ph.D. 
degree from Gottingen University, Germany, in 1904. He was an origina¬ 
tor, with Prof. B. Tollens, of the Ellett-Tollens method for determining 
methylpentosans, which was reported on by the Referee on Foods and 
Feeding Stuffs at the 1906 and 1907 meetings of the Association. Ellett 
was a frequent attendant at the meetings of the Association between 
1905 and 1925. He was chairman of the Committee on Nominations at 
the 1915 meeting, and wrote an obituary of Prof. R. J. Davidson, which 
was published in Vol. 3 of The Journal of the Association (p. 591). 

Melvin Pingree of the American Agricultural Chemical Company and 
formerly of the Pennsylvania Agricultural Experiment Station died in 
June, 1943. 

Frank L. Wollard of the Baltimore Station, Food and Drug Administra¬ 
tion, died in May, 1941. He was an occasional visitor at our meetings. 

George H. Adams, late Chief of the Boston Station of the U. S. Food 
and Drug Administration, died on December 31, 1941. He was an occa¬ 
sional visitor to our meetings. He was much respected both officially and 
personally by the Food and Drug Officials of the New England States, 
with whom he fiequently came in contact. 

H. C. Lythgoe 
C. A. Browne 

Approved. 


REPORT OF COMMITTEE ON NOMINATIONS 

Mr. Sale: In view of the prospective change in some of the funda¬ 
mental offices of the Association, the President appointed by letter the 
members of this committee some weeks ago, and they have been in cor¬ 
respondence with each other and in deliberation here at this meeting. Dr. 
Maclntire will now report. 

Dr. MacIntire: This is a momentous meeting for our Association. As 
our President has said, several weeks ago he requested that Dr. White, 
Dr. Bailey, and I serve as a Committee on Nominations. We had consid¬ 
erable correspondence and have had several conferences since arriving in 
Washington. Your committee was strongly tempted to suggest an inno- 



1944] REPORT OF COMMITTEE ON NOMINATIONS 121 

vation, if not a precedent. When we thought of your work, Mr. Sale, as 
President of this Association and the extra load placed upon you by Dr. 
Skinner’s illness and absence, we had thought of suggesting the innova¬ 
tion of a “reelection.” It was pointed out, however, that you had effec¬ 
tively and admirably reelected yourself, and anticipated our opportunity 
to establish an innovation. 

We unanimously recommend that you elect as President for the en¬ 
suing year our present Vice-President, G. G. Frary of the State Chemi¬ 
cal Laboratory of Vermillion, South Dakota; and as Vice-President, J. O. 
Clarke, Chief of the Central District, Food and Drug Administration, 
Chicago. Mr. President, I move you that this part of the Committee’s 
report be adopted and that you elect these two gentlemen to the respec¬ 
tive offices. 

Seconded by W. W. Skinner, and carried. 

Dr. MacIntire: Mr. President, I move that you ask our distinguished 
friends, “Lord” Hermann C. Lythgoe and Dr. C. A. Browne, to escort 
our President-elect to the Chair. 

At the conclusion of this ceremony Dr. Frary said: “Friends, I assure 
you that this is an honor that comes to me not without feelings of grati¬ 
tude on my part toward my friends in this splendid organization of 
chemists. Nothing else could occur that could bring me satisfaction com¬ 
parable to this. I feel my inadequacy and inability, perhaps my lack of 
professional deservedness of this honor. I assure you that I shall do my 
best to fill the position with credit to the Association. Again I thank you 
from the depth of my heart for the honor you have conferred upon me.” 

Dr. MacIntire: The life of this Association might be considered as a 
parallel of the birth and development of a young man. In the incipient 
years we had a midwife, who was present at the birth of the Association 
and brought the child along until adolescent years. You all remember the 
devoted service of Dr. Harvey W. Wiley. Then for a period of ten years of 
adolescence and a little beyond, we had the fine services of Dr. Alsberg. 
For the last twenty-two years the work and hopes of those men have come 
into fruition under one whom we might consider the Guardian of this 
Association, the one who brought the “young man” into the full maturity 
of his stature and now grown to such proportions and wisdom that he 
probably does not require such guidance as has been given to him. I have 
not the temerity to try to express to you all the appreciation that I know 
each of us in his heart feels for the services rendered this Association by 
its Secretary during the last twenty-two years, for the man whom we have 
known, loved, and esteeemed, and now that he is approaching his 70th 
year, whom we revere. Dr. Skinner made known his anticipation to retire 
in March 1944, and expressed the belief and conviction that he should 
relinquish the office of Secretary-Treasurer. He met with considerable op¬ 
position to the expression of his intention, but no amount of argument or 
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logic could budge him from his decision. We have not given up entirely, 
however, and your Committee is making a nomination and proposals for 
which we ask unanimous consent by a rising vote. Your Committee re¬ 
commends that you elect Dr. W. W. Skinner as Secretary-Treasurer, 
Emeritus of the A.O.A.C. I move, Mr. President, that this action of the 
Committee be regarded as a unanimous expression of appreciation for one 
who has devoted himself to the interests of an organization that he has 
brought to its present splendid condition, such as is characterized by few 
similar organizations. (Several “seconds” were made and a rising vote was 
taken.) 

And now, Mr. President, while I am on my feet—I read where Ruth 
said to Naomi, “Intreat me not to leave thee or to return from following 
after thee.” We do not propose that you , Dr. Skinner, shall cease following 
after us! The Executive Committee has honored me, and I frankly wish 
it had not, for although I appreciate the distinction, I feel so definitely 
inadequate to give expression to the feeling that you all have, and I know 
I cannot give voice to those deep feelings which are in my own heart. 
I do not want to make this a funereal meeting, although each of us hates 
to see Dr. Skinner enter the list of those designated to retire. Neverthe¬ 
less, we exult in the privilege he will have in playing with those grand¬ 
children and imposing on them some of the discipline he has imposed 
on us. 

The Executive Committee of this Association has taken an action, and 
that action was intended as a gesture—inadequate though it be—to in¬ 
dicate the appreciation that we as an Association feel for Dr. Skinner’s 
long service. It is not in any way a compensation for what he has done, but 
it is a memento that he can keep in his home and point to with pride, if 
he will, and something that Mrs. Skinner will use and enjoy. The Execu¬ 
tive Committee therefore empowered Miss Lapp to obtain a token that 
would be a concrete indication of the love that we feel for Dr. Skinner. 
Although Miss Lapp is most efficient and endowed with initiative, she is 
unable to place on this table the beautiful service of sterling silver that 
has been selected for Dr. Skinner. That service consists of a tea pot, a 
coffee pot, a hot water pot, a cream pitcher, and a sugar bowl, on a large 
sterling silver tray. In presenting this, Mr. President, by direction of 
your Executive Committee and in behalf of the membership of the Asso¬ 
ciation, I should like to move that, when at hand, the silverware be pre¬ 
sented to Dr. and Mrs. Skinner by the immediate past president of this 
Association. 

Dr. Skinner: Mr. Chairman, this is very unexpected and very pleas¬ 
ing. I have not seen the silver service yet, and I think I shall reserve the 
right to thank you for it at the next meeting. I shall be prepared then to do 
so in a more gracious way. You have referred to my retirement that is 
pending. Part of the time after retirement I expect to spend with those 
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grandsons of mine, of whom Dr. Maclntire has spoken. I can only repeat 
what I have already said on another occasion: 

I am not old—I cannot be old, 

Though threescore years and ten 
Have fritted away, like a tale that is told, 

The lives of other men. 

I am looking forward to my retirement from Government service with a 
great deal of pleasure. I thank you for the compliments that come from 
you through Dr. Maclntire. I sincerely feel that it is for the good of the 
Association that I retire at this time. I am taking up a new line of work 
and hope to prove that life really begins at seventy. 

Dr. MacIntire: For the office of Secretary-Treasurer, your Commit¬ 
tee has considered only one name, that of the man who has served loyally, 
faithfully, and effectively under the tutelage of our present Secretary- 
Treasurer. We nominate for the office of Secretary-Treasurer Henry A. 
Lepper and I move that the nomination be accorded the vote of affirma¬ 
tion. Seconded by J. W. Sale. 

Mr. President, there are further nominations. Our retiring President, 
J. W. Sale, continues on the Executive Committee, and for additional 
members we nominate G. H. Marsh, W. H. Ross, and W. Catesby Jones. 

A summary of the officers nominated follows: 

President: G. G. Frary, State Chemical Laboratory, Vermillion, S. D. 

Vice-President: J. O. Clarke, Food and Drug Administration, Chicago, 
Ill. 

Secretary-Treasurer Emeritus: W. W. Skinner. 

Secretary-Treasurer: Henry A. Lepper, Food and Drug Administration, 
Washington, D. C. 

Additional Members of Executive Committee: G. H. Marsh, Montgomery, 
Ala.; W. H. Ross, Beltsville, Md.; W. Catesby Jones, Richmond, Va.; 
J. W. Sale, Washington, D. C. 

A unanimous vote was cast for the officers nominated. 

W. H. MacIntire 
E. M. Bailey 

. , W. B. White 

Approved. 

The silver service was presented to Dr. and Mrs. Skinner on December 
8,1943, in Dr. Skinner’s office, J. W. Sale, President of the Association, for 
1942-1943, making the presentation speech. 

REPORT OF COMMITTEE ON RESOLUTIONS 

Whereas, the 58th annual meeting of the Association of Official Agri¬ 
cultural Chemists has been very successful notwithstanding the difficulties 
of holding a meeting during the war; and 
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Whereas, the various activities of the Association have been carried on 
under wise and sound leadership, it is particularly fitting at this time that 
we express our gratitude to those who have served as officers of the Asso¬ 
ciation and to those who have contributed to the excellent program now 
concluded. Be it therefore 

Resolved: That this Association express its appreciation to Dr. W. W. 
Skinner, who for 21 consecutive years as our Secretary-Treasurer and 
President has played a leading part in the progress of the Association. 
Upon his retirement we shall sadly miss his counsel and able guidance as 
an active member, but we hope to continue to enjoy his presence with us 
at our annual meetings in the years to come. 

Resolved: That this Association extend its thanks to Mr. J. W. Sale, 
retiring president, who has served for 2 years, for his exceedingly interest¬ 
ing presidential address on “Some Highlights of War-time Food.” 

Resolved: That we extend our thanks to Mr. G. G. Frary as Vice-Presi¬ 
dent for his able work and services, to Miss Marian E. Lapp, and her co¬ 
workers for their valuable assistance in making this meeting a success, 
and to our fellow members that have acted as sectional leaders, referees, 
associate referees, and collaborators. 

Resolved: That through our Secretary we extend our thanks to the 
management of the Statler Hotel for the many courtesies extended to us. 

H. H. Hanson 
S. C. Rowe 


Approved. 



CONTRIBUTED PAPERS 


VANILLIN FROM THE SHELLS OF TUNG NUTS* 

By Max Phillips (Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, U. S. Department of 
Agriculture, Washington, D. C.) 

The fact that vanillin may be obtained from a lignin derivative was 
first observed in 1904 by Grafe. 1 He heated the dry residue of waste sufite 
liquor with lime at 180°C. and isolated vanillin from the reaction product. 
No attempt was made to follow up this rather important observation 
until 1928, when Kiirschner 2 began the publication of a series of papers 
describing the production of vanillin by heating waste sulfite liquor with 
sodium or potassium hydroxides. This reaction has since been extensively 
studied by other investigators 3 and several patents 4 have been granted on 
various improvements in the procedure. In 1940, Freudenberg, Lautsch, 
and Engler 6 observed that if an oxidizing agent, such as nitrobenzene, is 
added to the alkaline reaction mixture, substantial yields of vanillin may 
be obtained not only from waste sulfite liquor or ligninsulfonic acids, but 
also from isolated lignins, such as “cuproxam”or Willstatter lignins, and 
even directly from a lignin-containing substance such as spruce wood. 

In connection with a study of the chemical composition of tung nut 
shells, the writer found that their lignin content, as determined by the 
fuming hydrochloric acid method, 6 was nearly 45 per cent, although the 
percentage of methoxyl in this lignin was considerably lower than that 
generally found in the lignins from wood. Therefore, in view of the rela¬ 
tively high percentage of lignin in tung nut shells, it was of interest to 
determine the yield of vanillin that might be obtained from this material. 
It was with this objective that the investigation recorded in this paper was 
undertaken. 


EXPERIMENTAL 

The tung nut shellsf were ground in a Wiley mill, and the following deter¬ 
minations were made.J All results were calculated on the moisture-free 
basis. 


* Agricultural Chemical Research Division Contribution No. 121. 
i Monatah., 25, 997 (1904). 

* J. Prakt. Chem [2] 118, 238 (1928); KOrschner and Schramek, Tech. Chem . Paper-Zellstoff-Fabr. , 28, 
85 (1931); Ibid., 29, 35 (1932); KOrschner, Ibid., 30, 1 (1933). 

* Hdnig and Rusicska, Z. angew. Chem., 44, 845 (1931); Shoruigin and Smolyaninova, J. Gen. Chem. 

( U.S.S.R. ), 4, 1428 (1934); Tomlinson. Jr. and Hibbert, J. Am. Chem. Soc., 58, 345, 348 (1930); H&gglund 
and Bratt, Svensk Papperetidn., 39, 347 (1930). _ „ _ 

* Sandborn, Salvesen, and Howard, U. 8. Patent 2,057,117 (1936); Hibbert and Tomlinson, Jr., U. 8. 
Patent 2,009,185 (1937), British Patent 465,708 (1937); Hatch, U. S. Patent 2,099,014 (1937); Sandborn, 
U. 8. Patent 2,104,701 (1938). 

* JBer., 73, 167 (1940). 

* Goss and Phillips, This Journal , 19, 341 (1936). , , ^ 

t The shells were kindly supplied by R. 8. McKinney of the Tung Oil Laboratory of the Bureau of 
Agricultural and Industrial Chemistry, located at Gainesville, Fla. 

t The analytical methods used were those described or referred to in a previous paper (Phillips, Goss, 
Davis, and Stevens, J. Agr . Research, 59, 319 (1939). 
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per cent 


Ash. 2.73 

Methoxyl. 5.54 

Alcohol-benzene extractives. 12.14 

Hot water extractives. 5.19 

1 % hydrochloric acid extractives. 13.94 

Uronic acids (as anhydrides). 4.68 

Total furfural.*!. 9.80 

Lignin. 44.80 

Methoxyl in lignin. 10.45 


In order to determine the optimum temperature for obtaining the maxi¬ 
mum yield of vanillin from tung nut shells, a series of experiments was 
carried out in which the temperature of the reaction was the sole variable. 
The experiments were conducted in an iron, high-pressure autoclave pro¬ 
vided with a thermometer well and an electrically operated stirrer. The 
reaction chamber of the autoclave was placed in a metal bath (lead and 
tin) and heated by gas. The general procedure used was as follows: 

EXPERIMENTAL PROCEDURE 
PREPARATION OF VANILLIN 

Fifty grams of ground tung nut shells (dried at 105°C.), 600 ml. of 8 % aqueous 
NaOH solution, and 35 ml. of nitrobenzene were heated together in the autoclave. 
(It required 1.5-2 hours, depending upon when the mixture attained the desired 
temperature.) The heating was continued for 3 hours at the selected reaction tem¬ 
perature. After the reaction mixture had cooled to room temperature, it was re¬ 
moved from the autoclave and distilled in a current of steam until the aniline, 
nitrobenzene, and azobenzene were distilled over. After cooling, the residual mixture 
in the distilling flask was filtered, the insoluble material was washed with 5% aque¬ 
ous NaOH solution, and the washings were added to the main filtrate. The residual 
material from this filtering and washing operation was discarded. The filtrate and 
washing solution were combined and then acidified with HC 1 , and the dark-brown 
precipitate was filtered off and extracted for 24 hours with benzene in a Soxhlct 
extractor. The filtrate was also extracted with benzene for 24 hours in a continuous 
extraction apparatus. The benzene solutions from both extraction operations were 
combined (total volume approximately 1 liter) and then extracted six successive 
times with a 5% NaHSOs solution, 150 ml. of the solution being used for each ex¬ 
traction. The NaHSO* solution was transferred to a 2 liter distilling flask, the solu¬ 
tion was acidified with 40 ml. of concentrated H 2 SO 4 , and the flask and contents were 
partially evacuated with a water pump, while a small stream of air was passed 
through a capillary tube. When all the SO 2 had been expelled, the solution was 
transferred to a 1 liter volumetric flask, and the solution was diluted to the mark 
with distilled water. 

The vanillin in this solution was determined by the Pritzker-Jungkunz 7 modifica¬ 
tion of the Hanu§ 8 method, as follows: 

DETERMINATION OF VANILLIN 

Two 50 ml. samples were measured out with a pipet into 200 ml. Erlenmeyer 
flasks, and to each sample were added 15 grams of sodium acetate and 0.3 gram of 


7 Chem. Ztg 52. 537 (1928). 

1 Z. Untersuch. Nahr. Qenussm 10, 585 (1905). 
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ro-nitrobenzoylhydrazine in 15 ml. of hot water. The flasks were corked lightly and 
heated in a water bath at 60°C. for 0.5 hour. They were then allowed to stand at 
room temperature for 24 hours, after which time the precipitates were filtered into 
weighed Gooch crucibles, washed with cold water, and dried at 105°C. for 3 hours. 
The weight of the hydrazone precipitate multiplied by the factor 0.4825 gave the 
weight of vanillin in the sample. 

The results obtained are given in Table 1, and it will be observed that 
the best yield of vanillin was obtained when the reaction temperature was 
170°C. 


Table 1 . — Yields of vanillin from lung nut shells 

(50 grams of ground tung nut shells, 600 ml. of 8% aqueous NaOH solution, and 
35 ml. of nitrobenzene were heated together for 3 hours at various temperatures.) 


REACTION 

TEMP. 

WEIGHT 

calc'd on basis 

Of TUNG NUT 

BHELLS 

calc'd on basis 

OF LIGNIN IN TUNG 

NUT SHELLS 

•c. 

grams 

per cent 

per cent 

150 

1.2738 

2.54 

5.07 

160 

1.4820 

2.96 

5.90 

170 

1.6100 

3.22 

6.40 

180 

1.3120 

2.62 

5.21 


Experiments were also conducted in which the concentration of the 
alkali used in the same reaction was varied, but no significant changes in 
the yield were obtained. 

Following the procedure described for the production of vanillin from 
tung nut shells and conducting the reaction at 170°C., the writer also 
carried out an experiment for the purpose of actually isolating vanillin. 
The procedure used follows: 

ISOLATION OF VANILLIN 

After the bisulfite addition compound had been decomposed, the solution was 
extracted with ether, and the ether solution was dried over anhydrous sodium sul¬ 
fate. After removal of the ether by distillation, an oil was obtained that solidified 
on standing. After several recrystallizations from hot ligroin and dccolorization 
with norit, colorless crystals were obtained. These crystals were identified as vanillin 
by their melting point. The semicarbazone of this crystalline substance was also 
synthesized, and it was identified by its melting point as vanillin semicarbazone. The 
yield of vanillin was approximately 1.5 per cent of the weight of the tung shells. 

SUMMARY 

A study was made of the preparation of vanillin from tung nut shells. 
The maximum yield of vanillin, as determined analytically, amounted to 
3.2 and 6.4 per cent of the tung nut shells and of the lignin in the shells, 
respectively. 
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MODIFIED KREIS TEST APPLICABLE TO COSMETIC 
PREPARATIONS* 

By J. H. Jones (Cosmetic Division, U. S. Food and Drug 
Administration, Washington, D. C.) 

The Kreis test 12 is widely used as a means of detecting deterioration in 
fats and oils. Numerous modifications of this test are available, but no 
study appears to have been made of its application to cosmetics, and none 
of the published methods seems entirely suitable for this purpose. 

It has been shown 8 * 4 that epinhydrin aldehyde is responsible for the 
production of the pink color in this test. This aldehyde is probably present 
in the deteriorated fat as an acetal from which it is liberated on treatment 
with concentrated hydrochloric acid. Taufel and his co-workers 4 6 6 found 
that the epinhydrin aldehyde could be aerated from acidified mixtures and 
absorbed in a mixture of equal volumes of concentrated hydrochloric acid 
and 0.1 per cent phloroglucinol solution to develop the characteristic 
color. They state that this modification gives an approximately quanti¬ 
tative determination of the epinhydrin aldehyde present. 

This procedure may be satisfactory for colored non-perfumed cos¬ 
metics, but many perfumes, flavors, and essential oils are volatilized with 
the epinhydrin aldehyde and give colored solutions or precipitates with the 
absorption reagent. Taufel 5 suggested the elimination of volatile aldehydes 
by steam distillation since epinhydrin aldehyde is not volatilized unless the 
mixture is acidified. Attempts to remove perfumes and flavors from cos¬ 
metic creams in this manner were not successful. Excessive foaming usu¬ 
ally resulted, and it was very difficult to remove the last traces of the inter¬ 
fering substances. 

The experiments made by the waiter show that although concentrated 
acid is necessary to liberate the epinhydrin aldehyde, the absorption 
can be made in a dilute acid solution without appreciable loss of sensi¬ 
tivity. When this dilute acid absorption solution is used most perfumes, 
flavors and essential oils do not seem to interfere. 

Many cosmetic preparations are solids, or contain substances that 
solidify on treatment with hydrochloric acid, and cannot be tested directly. 
Ether, benzene, and kerosene have been used as solvents for oils and fats 
to which the Kreis test was to be applied. Neither of these was found 
entirely satisfactory for cosmetic products. Experiments showed, how¬ 
ever, that mineral oil dissolves, or at least prevents the precipitation of 


* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C., October 27, 28, 1943. 

1 Kreis, Chem. Z., 26, 897 (1902). 

* Kerr, Ind. Eng . Chem., 10, 471 (1918). 

* Powick, J. Ayr. Research, 26, 323 (1923). 

4 Taufel and Russow, Z. Unterauch. Lcbensmitt., 65, 540 (1933). 

6 Taufel, Chem. Umschau. Fette, 39, 147 (1932). 

* Taufel and Sadler, Z. Anal. Chem., 90, 20 (1932). 
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paraffin, beeswax, etc., which are so frequently present in cosmetic emul¬ 
sions. 

The following method is tentatively suggested for the detection of 
epinhydrin aldehyde in cosmetic products containing perfumes, flavors, 
and essential oils. 

PROPOSED METHOD 
APPARATUS 

A convenient aeration apparatus for use with 2-10 gram samples may be con¬ 
structed from three 1X6 inch test tubes. Fit each test tube with a two-holed rubber 
stopper, each stopper carrying one short piece of glass tubing and one long enough 
to reach to the bottom of the test tube. Connect in senes with rubber tubing so that 
when attached to the air line the air enters each test tube through the long piece of 
glass tubing. Tube 1 serves as the aerator, Tube 2 is loosely packed with glass wool 
to filter any entrained oil, and Tube 3 is the absorber. 

REAGENTS 

(a) Absorption solution .—Dissolve 0.2 gram of phloroglucinol in 100 ml. of (1 +9) 
HC1. Prepare a fresh solution daily. 

(b) Hydrochloric acid. —37%. Use acid that gives no color with an equal volume 
of the absorption solution. 

(c) Mineral oil. —U.S.P. light mineral oil, or a similar grade. 

PREPARATION OF SAMPLE 

(1) Liquid samples consisting essentially of oils .—Weigh 2-10 grams of the sample 
directly into the aeration tube. 

(2) Solids or emulsions containing at least 50% oil .—Mix a weighed sample of 
2-10 grams in the aeration tube with about two volumes of mineral oil. Heat in a 
boiling water bath until the sample liquefies, mix thoroughly, and cool to room tem¬ 
perature. 

(3) Emulsions or solutions containing a low percentage of oil .—Evaporate a 
weighed sample containing 2-10 grams of oil in a vacuum desiccator at room tem¬ 
perature until the oil content is over 50%. Mix with mineral oil m the aeration tube 
as directed in (2). 

DETECTION OF EPINHYDRIN ALDEHYDE 

Place the absorption solution in the absorber, using for routine tests 2 ml. for 
each gram of oil in the sample. Add to the aeration tube containing the prepared 
sample a volume of concentrated IICl equal to the total volume of sample and min¬ 
eral oil. Assemble the apparatus and pass air through it at a rapid rate for 30 min¬ 
utes. A pink color in the absorption solution indicates deteriorated oils. A yellow 
color or cloudiness should be disregarded. 

COMMENTS 

The procedure described obviously eliminates the interference due to 
the color of the product. To check the effect of other aldehydes, perfumes, 
flavors, and essential oils about 0.2 gram of various substances of this type 
was mixed with 5 ml. of mineral oil and tested. The substances listed in 
Table 1 gave no color, although in a few cases the absorption solution be¬ 
came cloudy. With Taufel's absorption solution (containing concentrated 
hydrochloric acid) many of these substances produced colors that varied 
from yellow to deep red. 
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Table 1 . —Substances that do not give positive tests 


Anisic Aldehyde 

Phenylacetaldehyde 

Anethol 

Phenylethyl alcohol 

Benzaldehyde 

Terpineol 

Camphor 

Vanillin 

Coumarin 

Oil of bay 

Ethyl vanillin 

Oil of bergamot 

Eucalyptol 

Oil of cloves 

Geraniol 

Oil of citronella 

n-Heptaldehyde 

Oil of lemon 

Heliotropin 

Oil of orange 

0-Ionone 

Oil of patchouli 

Iso-eugenol 

Oil of peppermint 

Iso-safrole 

Menthol 

Oil of pine 


Cinnamic aldehyde, eugenol, oil of cinnamon, and oil of cassia gave a 
yellow color with both absorption reagents. The color, however, was a 
pure yellow and would not be mistaken for a positive test. 

Attempts to use the proposed procedure for the quantitative estimation 
of epinhydrin aldehyde were not successful. However, it can be used to 
classify the products tested. If 2 ml. of absorption solution is used for each 
gram of oil in the sample fresh oils give no coloration, oils which are 
slightly deteriorated produce a light pink color, and badly decomposed 
oils give a deep pink color. 

Samples of lipstick and cold cream were prepared from slightly de¬ 
teriorated oils by standard procedures. The samples when tested gave 
colors of approximately the same intensity as the original oil. These tests 
and other similar ones indicate that the moderate temperatures, i.e., 
60°-80°C., ordinarily used in the manufacture of cosmetic products of 
this type, have little effect upon the epinhydrin aldehyde. 

Two samples of a sun-tan oil, collected at the same time, were available 
in the laboratory. This product contained about 4 per cent of heliotropin 
and a small amount of color dissolved in a mixture of oils. After about one- 
half of the contents had been removed from one of the bottles, both bottles 
were stored in the same place for several months. When examined, the 
partly filled bottle had an “off” odor, but owing to the presence of the 
perfume this odor could not definitely be classed as “rancid.” No odor, 
other than that of the perfume, could be detected in the other sample. 
When tested by the proposed procedure the partly filled bottle gave a 
strongly positive, and the full bottle a negative test. 

SUMMARY 

A modified Kreis test applicable to cosmetic products has been pre¬ 
sented. An aeration procedure is used with a modified absorption reagent, 
which eliminates the interference of many other volatile substances. 

Directions for testing various types of cosmetics are given. 
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SEPARATION AND DETERMINATION OF 
2,4-DINITROANILINE IN D&C 
ORANGE NO 17* 

By O. L. Evenson (Cosmetic Division, U. S. Food and Drug 
Administration, Federal Security Agency, 

Washington, D. C.) 

D&C Orange No. 17 (also known as Permanent Orange) 1- (2-,4-dini- 
trophenylazo)-2-naphthol, is one of the colors certifiable by the Food and 
Drug Administration for coloring drugs and cosmetics. 1 The free inter¬ 
mediate, 2,4-dinitroaniline, is permitted in a certified batch of this color 
to the extent of not more than 0.2 per cent. 

The colorimetric method outlined here for the quantitative determina¬ 
tion of 2,4-dinitroaniline is based upon the measurement of the color 
produced when sodium hydroxide is added to an alcoholic solution of the 
intermediate. 

Many polynitro compounds form colored derivatives when treated 
with alkali. Meyer and Michler 2 first investigated this. They added sodium 
amalgam to dinitro benzoic acid dissolved in sodium hydroxide and ob¬ 
tained a red color. Subsequently a number of other investigators reported 
analogous results with other polynitro compounds. The reaction has been 
used analytically for the determination of benzene in air 3 and trinitro 
benzene in dinitrobenzene. 4 The test for thiophen in benzene is also based 
upon this reaction. According to Hantzsch and Picton 6 the colored com¬ 
pound produced by the action of sodium hydroxide upon an alcoholic 
solution of trinitro benzene is a derivative of nitronic acid. 


II OH 



Nitronic Acid 


H OC2H5 


\y 



Colored Compound 


Alcohol is not in all cases necessary for the formation of color; 2,4-dini¬ 
troaniline forms a red color in the presence of sodium hydroxide alone. 
This points to salt formation, involving two nitro groups, since mononitro 
compounds do not react in this manner. 


• Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C„ October 27, 28, 1943. 

1 8.R.A., Food, Drug, and Cosmetic No. 3. 

• V. Meyer and W. Michler, Ber ., 6, 746-8 (1874). 

• B. H. Dolin., Ind. Eng. Chem., Anal. Ed., 15, 242-7 (1943) 

« M. L. Moss and M. G. Mellon, Ind. Eng. Chem., Anal. Ed., 14, 861-2 (1942). 

• A. Hantssch and N. Picton, Ber., 42, 2119-28 (1909). 
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METHOD 

REAGENTS 

Sodium hydroxide solution .—Dissolve 30 grams of carbonate-free NaOH in 
COj-free water and dilute to 100 ml. Protect the solution with a soda-lime tube. Or 
prepare a CC> 2 -free solution of the same strength from COj-free water and (1+1) 
NaOH from which the NajCO* has been permitted to settle out. 

Ethyl alcohol .—95 %. 

Standard solution of 2,4-dinitroaniline .—Dissolve 50 mg. in 500 ml. of 95% ethyl 
alcohol. 

DETERMINATION 

Dissolve 0.1 gram of color in about 3 ml. of concentrated II 2 SO 4 in a tall 300 ml. 
beaker. Add carefully small quantities of alcohol, stirring after each addition until 
about 30 ml. has been added. Then add 50 ml. of water and mix. Evaporate on a 
steam bath until about 30 ml. remains, using a gentle air blast to hasten the process. 
Transfer the contents to a 100 ml. volumetric flask, cool, and dilute to the mark with 
water. Mix, and filter on a small filter paper. With a pipet transfer a 50 ml. aliquot of 


Table 1 .—Recovery of 2^-dinitroaniline from D&C Orange No. 17 


NO. 

WGT. COLOR 

2,4-dinitroanilinb 

RECOVERY 

ADDED 

FOUND 


mo. 

mo. 

mo. 

per cent 

1 

100 

2.5 

2.37 

94.8 

2 

50 

2.5 

2.37 

94.8 

3 

25 

0.1 

0.097 

97.0 

4 

100 

0.5 

0.475 

95.0 

5 

50 

0.5 

0.475 

95.0 

6 

50 

1.0 

0.95 

95.0 

7 

100 

3.0 

2.85 

95.0 

8 

100 

4.0 

3.80 

95.0 

9 

100 

5.0 

4.80 

96.0 

10 

50 

2.5 

2.45 

98.0 

11 

100 

0.5 

0.47 

94.0 

12 

100 

1.0 

0.94 

94.0 




Average 

95.3 


the filtrate to a 250 ml. separatory funnel. (If the sample contains more than 0.2% of 
intermediate, use a smaller aliquot and dilute to 50 ml. with water.) Make slightly 
alkaline with the NaOH solution and extract the intermediate with three portions 
(50-40-40 ml.) of ether. Wash the combined ether extracts with three 10 ml. portions 
of water. Drain the wash water carefully, after allowing ample time for the layers to 
separate. Transfer the solvent to a beaker and wash the funnel with ether, adding 
this to the main extract. Let the solvent evaporate in a warm place. Dissolve the 
residue in warm alcohol and transfer (with alcohol) to a 50 ml. volumetric flask. Cool, 
add alcohol to the mark, and mix. Transfer an appropriate aliquot to a 25 ml. vol¬ 
umetric flask, and dilute to 20 ml. with alcohol. (If the quantity of intermediate in 
the original aliquot used for the ethereal extraction is less than 0.05 mg., the 50 ml. 
flask may be dispensed with. In this case transfer the alcoholic solution of the ethe- 






1944 ] evenson: 2,4-dinitroaniline in dac orange no. 17 


133 



700 600 500 400 


WAVELENGTH IN Mu. 

Fig. 1.—Showing extinction curves of 2,4-dinitroaniline, 0.8 mo. for 
NO. 1 AND 0.5 MG. FOR NO. 2, DISSOLVED IN 20 ML. OF ALCOHOL PLUS 5 ML. OF SODIUM 
HYDROXIDE. 

real residue directly into the 25 ml. volumetric flask and dilute to 20 ml. with alcohol.) 
Prepare standards in 25 ml. volumetric flasks and dilute to 20 ml. with alcohol. Add 
5 ml. of the NaOH solution to the standards and the unknown, mix, and pour the 
contents into suitable test tubes. Compare the unknown with the standards. 

Results obtained with the method are shown in Table 1. A sample of 
D&C Orange No. 17 was purified by repeated extraction with benzene 
until no test for the intermediate could be obtained. Known quantities 
of intermediate in alcoholic solution were then added to weighed aliquots 
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of the purified color. The alcohol was evaporated on the steam bath and 
recoveries determined. The results show that a recovery of approximately 
95 per cent may be expected. 

Spectrophotometric extinction curves for the red color produced in this 
method are shown in Figure 1.* These were obtained with a recording 
spectrophotometer. The absorption data are recorded as extinction (nega¬ 
tive log of transmittancy). The maxima lie between 510 and 520 m/x. The 
intermediate, 0.8 mg. for curve No. 1 and 0.5 mg. for curve No. 2, was 
dissolved in 20 ml. of alcohol plus 5 ml. of sodium hydroxide solution. 

The volume of sodium hydroxide and alcohol specified in the method 
was found to be the optimum for sensitivity and convenience of manipula¬ 
tion. The color so obtained remains stable for about one hour. In a volume 
of 25 ml., 0.005 mg. of the intermediate or a concentration of one part in 
five million, will give a distinct pink coloration. 

SUMMARY 

A colorimetric method has been presented for the quantitative de¬ 
termination of 2,4-dinitroaniline in D&C Orange No. 17. Recoveries of 95 
per cent are indicated. The intermediate is removed from the color and 
quantitatively estimated by the depth of color it produces with aqueous 
sodium hydroxide in alcoholic solution. The spectral characteristics of 
this color are shown by extinction curves. 


ASSAY, PURIFICATION, AND SPECTRUM OF D&C RED NO. 18f 

By S. H. Newburger (Cosmetic Division, U. S. Food and 
Drug Administration, Washington, D. C.) 

An investigation was undertaken to determine whether D&C Red No. 
18 could be sulfonated to a water-soluble product that would lend itself 
readily to the customary assay of reduction with titanium trichloride. The 
following procedure was found to give reproducible analytical results: 

Weigh 0.25 gram of the powdered dye into a 50 ml. beaker, add 6 ml. of 15% 
fuming H2SO4, cover with a watch-glass, and allow to react at room temperature for 
30 minutes, with an occasional swirling of the flask. Pour the sulfonated product 
cautiously through a funnel into a 250 ml. volumetric flask containing about 125 
ml. of cold water; cool, dilute to the mark with water, and mix. Pipet a 100 ml. ali¬ 
quot into a 500 ml. titration flask, dilute to 200 ml. with water, add 30 grams of 
sodium bitartrate, heat to boiling, and titrate with 0.1 A TiCls in an atmosphere of 
CO*. The end point is a sharp change from pale orange to almost colorless. 1 gram of 
D&C Red No. 18 =-195.85 ml. of 0.1 N TiCl,. 


* The writer is indebted to 8. H. Newburger of this Division for the spectrophotometric curves shown 
here. 

t Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington. D. C., October 27, 28, 1043. 
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EFFECT OF TIME AND TEMPERATURE 

Two samples of D&C Red No. 18 were sulfonated for varying time in¬ 
tervals at room temperature and also at steam-bath temperature. The ef¬ 
fect of the fuming sulfuric acid on the assay value was noted. The results 
are presented in Table 1. 

It is apparent from Table 1 that a variation in the time of sulfonation 
at room temperature from 15 to 120 minutes does not alter the result of 
the analysis. However, if the sulfonation is carried out at the temperature 
of the steam bath, there is a lowering of the assay value with increased 
time of sulfonation. After two hours the decrease was about 5 per cent. 
These data indicate that sulfonation at room temperature with 15 per 
cent fuming sulfuric acid does not destroy any of the dye. 



Fia. 1 .—Extinction curves of d&c red no. 18 at 

VARIOUS STAGES OF PURIFICATION. 

1 Commercial Sample of D&C Red No. 18 

2 — 1st Purification of Commercial Sample 

3 —2nd Purification of Commercial Sample 

Concentration—10 mg./liter 
Solvent—chloroform 
Cells—1 cm. 

A — Signal Lunar White Glass H-6946236 
B “Corning Didymium Glass 512, 6.0 mm. 

C — Corning Didymium Glass 592,4.02 mm. 


























EXTINCTION 
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Fig. 2.— Extinction curves of d&c red no. 18. 

Dye concentrations calculated on basis of pure dye content of D&C Red No. 18 
Solvent—Chloroform 
Cells—1 cm. 

A = Signal Lunar White Glass H-6946236 
B =* Corning Didymium Glass 512, 6.0 mm. 

C = Corning Didymium Glass 592, 4.02 mm. 


The commercial sample of D&C Red No. 18 contained 91.2-91.5 per 
cent of pure dye and 0.6 per cent of matter, volatile at 135°C. The color 
had a strong odor and a dusky reddish brown hue, and did not melt 
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Table 1 . — Assay of D&C Red No. 18 


8AMPLB NO. 

TEMPERATURE 

TIME OF 8ULFONATION 

DTK 


# C. 

minutes 

per cent 

A* 

28 

30 

91.2 

A 

28 

60 

91.2-91.5 

A 

28 

120 

91.2-91.5 

Bf 

26.5 

15 

95.4-95.7 

B 

26.5 

30 

95.7 

B 

26.5 

60 

95.7 

B 

26.5 

120 

95.4-96.0 

B 

Steam bath 

30 

94.6-94.9 

B 

Steam bath 

120 

90.2-90.7 


* Commercial preparation, 
f Sample A after purification. 


sharply. Complete melting was observed at 214°C. Since D&C Red No. 18 
has a low solubility in alcohol, whereas the intermediates are soluble, a 
purification was carried out as follows: 

Dissolve about 20 grams of D&C Red No. 18 in 150 ml. of CHCh by heating on 
the steam bath. Add 1000 ml. of alcohol and continue to heat on the steam bath for 
90 minutes. Cool, centrifuge, and pour off the liquid. Add more alcohol, stir thor¬ 
oughly, and again centrifuge. Transfer the insoluble material to a Buchner funnel 
with the aid of water, drain with suction, and dry overnight at 135°C. 



CONCENTRATION-MILLIGRAMS PER LITER 
Fig. 3.—Concentration versus extinction values. 
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The dye recovery was 16.5 grams (82.5 per cent), and the material as¬ 
sayed 95.4-95.7 per cent. 

No further increase in purity was obtained by a second purification. The 
dye content was 95.7 per cent with 0.1 per cent of volatile matter (at 
135°C.). The dye had a deep reddish hue and was odorless, but still did 
not melt sharply. Complete melting was noted at 223°C. 



Fio. 4.— Extinction curve of d&c red no. 18 sulfonated 
FOR 30 MINUTES AT 32°C. 

1 — Sulfonated D&C Red No. 18 

Concentration—10 mg./liter on basis of pure dye content of unsulfonated 
D&C Red No. 18 

Solvent—dilute sulfuric acid (pH-2.1) 

Cell—1 cm. 

A— Corning Didymium Glass 512, 6.0 mm. 

B** Corning Didymium Glass 592, 4.02 mm. 


The effect of the drying at 135°C. on the chemical stability of D&C Red 
No. 18 was also ascertained. Two samples, one of which was dried for 6 
hours and the other for 23 hours, gave identical assays, indicating that at 
135°C. there is no progressive deterioration with increased exposure to 
heat. 

SPECTROPHOTOMETRIC DATA 

The various stages of purification were examined spectrophotometric- 
ally, and it is apparent from Figure 1 that the singly and doubly purified 
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products are of the same purity. Assuming the validity of Beer's law and 
using the dye content of 95.7 per cent for the purified material, the writer 
estimates that the dye content of the commercial sample is 88.7 per cent. 
By sulfonation a value of 91.2-91.5 per cent was obtained. The dis¬ 
crepancy may be due to reducible non-dye impurities. 

Extinction curves of D&C Red No. 18 in chloroform solutions of vary¬ 
ing concentrations were investigated in the spectral region 400-750 m/z 
with a General Electric recording spectrophotometer having an 8 milli¬ 
micron slit (Figure 2). The color has an absorption peak at 532.5 (±2) 
m fi. The extinction ratio 513 m/z/554 mp is 1.0 (±0.02), and it can be 
used as an additional aid in the identification of the dye. Extinction values 
at the absorption peak plotted against concentration indicate that Beer's 
law is valid (Figure 3). Hence quantitative spectrophotometric determina¬ 
tions are possible. 

Note: The observed wave lengths were corrected to within ±2.0 mju of their 
true values with the aid of didymium glasses tested by the National Bureau of 
Standards. 

Figure 4 shows the spectrophotometric curve of sulfonated D&C Red 
No. 18. The hue of the sulfonated color incidentally varies with the pH 
of the solution. 

SUMMARY 

A method has been developed for the assay of D&C Red No. 18. 

A purification procedure for this color has been outlined. 

Extinction curves of D&C Red No. 18 have been investigated in the 
spectral region 400-750 m/i. These data can be used for the identification 
and quantitative estimation of the dye. 

The extinction curve of sulfonated D&C Red No. 18 has also been ob¬ 
tained in the spectral region of 400-750 m/i. 


CONDITIONS FOR COMPLETE ACID INVERSION IN 
ANALYSIS OF FINAL CANE MOLASSES 

By F. W. Zerban, J. E. Mull, and James Martin (New York 
Sugar Trade Laboratory, New York, N. Y.) 

The quantity of acid, and the temperature and time required for com¬ 
plete inversion which have been established experimentally for pure su¬ 
crose are used quite generally without material change for sucrose de¬ 
terminations in final cane molasses although this practice has been 
questioned from time to time. H. S. Walker 1 recommends the addition of 
1-2 ml. of hydrochloric acid (1 + 1), in excess of the 10 ml. used for in¬ 
version, to neutralize the alkalinity produced by clarification with an 


Hawaiian Planter #’ Record, 15 t 296 (1916). 
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excess of basic lead acetate. But even if this excess is previously removed 
by means of potassium oxalate or other deleading agent, a molasses solu¬ 
tion highly buffered by salts of weak organic acids and other non-sugars 
will have a smaller acidity than an unbuffered solution of pure sucrose 
when the same quantity of acid is added to both. This buffer effect of 
molasses solutions is overcome in Saillard’s method of neutral double 
polarization 2 by adding an amount of hydrochloric acid equivalent to the 
salts in the molasses solution, in excess of the quantity usually employed 
for the inversion of pure sucrose. Saillard's method is not practical for 
routine analyses because the Clerget divisor must be determined for each 
individual sample. 

The method prescribed by the U. S. Treasury Department for the de¬ 
termination of sucrose in molasses, which is essentially Jackson and Gillis 
method No. IV, 3 specifies inversion at 60° for 10 minutes. This is well 
within the range of the 8-11 minutes within which these authors observed 
no perceptible change in the invert reading of completely inverted pure 
sucrose. 

The possibility of incomplete inversion in the analysis of final cane 
molasses under these conditions is recognized by the following statement 
in Circular C 440 of the National Bureau of Standards, p. 131: “It is true 
that at 60° many final molasses are not completely inverted in the specified 
period of time. Such samples would require either a prolonged time of in¬ 
version at 60° or an elevation of the temperature to 70°, and the value of 
the divisor under these altered conditions requires determination.” In the 
paragraph immediately following, inversion at 70°, 60°, and at room tem¬ 
perature, alternatively, is recommended. More specifically, Jackson and 
Gillis advocate for inversion at room temperature 30.8 hours at 20°, 14.6 
hours at 25°, or 7.1 hours at 30°. The A.O.A.C. methods 4 prescribe 24 
hours when the temperature is not below 20°, and 10 hours when it is 
above 25°. 

The present investigation was undertaken to ascertain under what con¬ 
ditions an average blackstrap molasses is completely inverted. Because of 
the widely varying composition of blackstraps these conditions may be 
expected to vary from case to case. To solve the problem completely it 
would be necessary to remove all the sucrose from the molasses without 
changing its composition in any other respect, then to add known quanti¬ 
ties of pure sucrose and determine it. This would be a very formidable ex¬ 
perimental task and would have to be repeated with a number of samples 
in order to arrive at average values. The problem is further complicated 
by the presence of reversion products that are also hydrolyzed by the acid. 
This usually causes a plus error in the sucrose determined by any of the 


* Proc. 8th Intern. Congr. Appl. Chem., 25, 541 (1913). 

* Bur. Standards Sci Paper 375 (1920). 

4 Methods of Analysis, A.O.A.C., 1940, 495. 



1944] zerban et al: acid inversion in analysis of molasses 141 

acid hydrolysis methods, as shown by Zerban and Gamble. 6 But as long 
as acid hydrolysis methods are used this error cannot be avoided. The 
simplest way to determine the proper conditions for complete inversion is 
to use as the criterion the maximum levorotation (minimum dextrorota¬ 
tion), as was done by Jackson and Gillis. When the levorotation is plotted 
against time at any given temperature of inversion, the curve gradually 
rises to a maximum, owing to inversion, and then descends, owing to de¬ 
struction of invert sugar. The top of the curve indicates maximum inver¬ 
sion and minimum destruction. 

Another question arises when the percentage of sucrose is to be calcu¬ 
lated. Until the correct Clcrget divisors for blackstraps can be determined 
by the method outlined above it will be best to use the divisors established 
for sucrose, as is generally done with the invertase method. In the case of 
that method it has been experimentally established that the divisor found 
for sucrose is correct for impure products also. 6 Jackson and Gillis give for 
pure sucrose determined by Method No. IV the basic divisor 132.63, no 
matter what temperature, up to 60°, is used for the inversion, and they 
concluded that under these conditions there is no destruction of invert 
sugar during the time required for complete inversion. But later Jackson 
and MacDonald 7 found that the basic divisor decreases with an increase 
in the temperature of inversion, from 132.66 at room temperature to 
132.56 at 60°. In the tables the sucrose has been calculated on the basis 
of both the Jackson and Gillis and the Jackson and McDonald divisors, 
and it will be noted that the differences between the values calculated in 
these two ways have no practical significance. 

Three series of experiments with Cuban and Puerto Rican final molasses 
were made to ascertain the time necessary to attain maximum levorota¬ 
tion at various temperatures. In the first series 14 samples were inverted 
for 8, 10, and 12 minutes at both 60° and 70°, and for comparison at 28° 
for 24 hours. In each analysis half-normal solutions of the molasses were 
prepared, and the final readings were taken in quarter-normal solution at 
20.0°. All analyses were made in duplicate by two different chemists, and 
the averages were taken. The results of this series are shown in Table 1. 

The maximum average invert reading was established after inverting 
at 28° for 24 hours. Almost the same reading was obtained after heating to 
70° for 8, 10, or 12 minutes; the slight falling off upon heating for more 
than 8 minutes is not significant. The results clearly show that heating for 
10 minutes at 60° is insufficient for complete inversion, as the reading still 
increased nearly 0.2 in the next two minutes. 

At the bottom of the table the average sucrose figures are also given, 
calculated by the basic divisors of Jackson and Gillis (J. & G.) and also 


* Ind. Eng. Chem., Anal. Ed , 5, 34 (1933). 

• This Journal, 11, 167 (1928). 

'Ibid., 22, 580 (1939); Natl. Bur. Standards Circ. C 440, 155 (1942). 
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by those of Jackson and McDonald (J. & McD.), valid in each case for 
method No. IV at the temperature employed for the inversion. The 
new concentration factor of Jackson and McDonald, 0.0794, was used to 
correct the basic divisor to the concentration of solids in the quarter- 
normal weight solution. 

Owing to the fact that the basic divisor for inversion at 70° is smaller 
than that for inversion at 60° or below, the sucrose results obtained at this 

Table 1 . —Effect of temperature and time on acid inversion (Series 1) 


INVERT READINGS 


NO. 

8 MIN. 

60 ® 

10 MIN. 

12 MIN. 

8 MIN. 

70 ° 

10 MIN. 

12 MIN. 

28 ° 

24 HR. 

1 

-16.20 

-17.80 

-17.80 

-18.20 

-18.00 

-18.00 

-18.20 

2 

-15.80 

-17.00 

-17.20 

-17.20 

-17.40 

-17.40 

-17.40 

3 

-19.00 

-19.60 

-19.40 

-19.60 

-19.60 

-19.60 

-19.20 

4 

-18.60 

-19.80 

-19.80 

-19.80 

-19.80 

-19.60 

-20.10 

5 

-18.20 

-19.40 

-19.40 

-19.40 

-19.40 

-19.40 

-19.40 

6 

-17.80 

-19.00 

-19.00 

-19.40 

-19.20 

-19.20 

-19.40 

7 

-16.00 

-17.80 

-17.80 

-18.00 

-17.80 

-18.00 

-18.00 

8 

-17.60 

-18.40 

-18.60 

-18.80 

-18.80 

-18.60 

-18.80 

9 

-16.00 

-17.00 

-17.40 

-17.60 

-17.60 

-17.60 

-17.60 

10 

-18.00 

-18.60 

-19.00 

-18.80 

-18.80 

-19.00 

-18.60 

11 

-15.60 

-17.40 

-17.60 

-17.80 

-17.80 

-17.80 

-17.80 

12 

-15.40 

-16.00 

-16.40 

-16.80 

-16.80 

-16.80 

-16.80 

13 

-15.80 

-17.20 

-17.60 

-17.80 

-17.80 

-17.80 

-18.00 

14 

-15.00 

-15.80 

-16.00 

-16.00 

-16.00 

-15.80 

-16.00 

Av. 

-16.79 

-17.91 

-18.07 

-18.23 

-18.20 

-18.19 

-18.24 

Average Sucrose (per cent) 

J. & G. 

36.58 

37.43 

37.55 

37.72 

37.69 

37.69 

37.68 

J. & McD. 

36.60 

37.45 

37.57 

37.74 

37.72 

37.71 

37.67 


temperature are a little higher than those found for inversion at room 
temperature, even though the invert readings were a little lower, but the 
differences are slight, amounting to 0.01-0.07. The important result of 
this series is that the official procedure of heating to 60° for 10 minutes 
does not effect complete inversion of the average blackstrap. But since 
slightly more sucrose was found after heating to 70° for 8-12 minutes 
than by inversion at 28° it was still doubtful whether 24 hours at this 
temperature is sufficient for complete inversion. 

The second series of experiments was made with 12 samples to settle 
this question, and also to ascertain the trend of the inversion curve upon 
longer heating at 60°. The results of this series are given in Table 2. 
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Table 2. —Effect of temperature and time on acid inversion (Series 2) 
Invert Readings 


MO. 



60° 



28° 


10 MIN. 

12 MIN. 14 MIN. 

15 MIN. 16 MIN. 

20 MIN. 

25 MIN. 

24 HB. 

29 HR. 

15 

-20.20 

-20.40 -20.40 

-20.60 



-20.60 

-20.60 

16 

-15.80 

-16.40 -16.40 

-16.40 



-16.40 

-16.40 

17 

-20.60 

-20.80 -20.80 

-21.00 



-21.00 

-21.00 

18 

-18.60 


-19.20 

-19.40 


-19.20 

-19.20 

19 

-17.20 


-17.40 

-17.40 


-17.00 

-17.20 

20 

-18.20 


-18.60 

-18.40 


-18 20 

-18.20 

21 

-17.00 


-17.20 

-17.40 


-17.20 

-17.20 

22 

-16.60 


-16 80 

-16 00 


-16.60 

-16.60 

23 

-18 60 



-18.80 

-18 80 

-18.80 

-18.60 

24 

-19.40 



-19.60 

-19.60 

-19.60 

-19.80 

25 I 

-19.40 



-19.80 

-19.80 

-19 80 

-19.60 

26 

-17.60 



-17.80 

-17.60 

-18.00 

-18.00 

Average Invert Readings 

NO. 

10 MIN. 

14-15 MIN. 

60° 

15-16 MIN. 

20 MIN. 

25 MIN. 

28' 

24 HR. 

3 

29 HR. 

15-26 

-18.27 





-18.53 

-18.53 

15-22 

-18.03 

-18.35 

-18.40 



-18.28 

-18.30 

18-26 

-18.07 



-18.36 


-18.27 

-18 27 

23-26 

-18.75 



-19.00 

-18.95 

-19.05 

-19.00 

Average Sucrose (per cent ) 

NO. 



60° 



1 28° 

10 MIN. 

14-15 MIN. 

15-16 MIN. 

20 MIN. 

25 MIN 

24 HR. 

29 HR. 

15-26 








J.AG. 

36 31 





36.50 

36.50 

J.&McD. 

36.30 





36.47 

36.47 

15-22 








J. & G. 

37.12 

37.36 

37.39 



37.30 

37 32 

J.&McD. 

37.11 

37.35 

37 39 



37.27 

37.28 

18-26 








J. & G. 

35.82 



36.04 


35.97 

35 97 

J.&McD. 

35.81 



36.03 


35.94 

35.94 

23-26 

J.&G. 

34.99 




35.14 

35 21 

35 18 

J. & McD. 

34.98 




35.13 

35 18 

35.14 


The average invert readings obtained after inversion at 28° show that 
inversion is complete in 24 hours, no significant change being observed 
upon prolonging the time another 5 hours. The levorotation, as well as the 
sucrose result, is the maximum attainable by inversion at 28°. At 60° in¬ 
version is not complete in 10 or even 12 minutes, and this confirms the 
result obtained in the first series. When the time is extended to 14-16 
minutes, however, the sucrose result rises about 0.1 about that at 28°. If 
the heating is prolonged still further, to 20 minutes, the excess over the 
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value at 28° is still around 0.1, but if the heating period is extended to 25 
minutes slight destruction of invert sugar is indicated. The top of the 
inversion curve is rather flat, about the same result being obtained 
whether the heating at 60° lasts for 14 or for 20 minutes. This is in line 
with the observation of Jackson and Gillis with pure sucrose, that heating 
for any period between 8 and 11 minutes does not change the result per¬ 
ceptibly. With impure products the entire process, that of inversion as 


Table 3. —Effect of temperature and time on acid inversion (Series S) 


INVERT READINGS 


NO. 

28 ° 

35 ° 

00 ° 

60 ° 

24 HR. 

24 HR. 

10 MIN. 

20 MIN. 

27 

-18.60 

-18.20 

-17.40 

-18.00 

28 

-16.40 

-16.00 

-16.40 

-16.40 

29 

-17.20 

-17.20 

-17.00 

-17.20 

30 

-18.80 

-18.60 

-18.20 

-18.40 

31 

-19.20 

-19.00 

-18.80 

-19.20 

32 

-19.60 

-19.80 

-19.40 

-19.80 

33 

-15.80 

-15.60 

-14.80 

-15.40 

34 

-18.80 

-18.80 

-18.40 

-18.80 

35 

-17.80 

-17.60 

-17.00 

-17.80 

36 

-19.40 

-19.20 

-19.20 

-19.60 

Av. 

-18.16 

-18.00 

-17.66 

-18.06 

Average Sucrose (per cent) 

J. & G. 

36.92 

36.80 

36.54 

36.84 

J. & Mc.D. 

36.88 

36.77 

36.53 

36.84 


well as that of destruction of invert sugar, proceeds more slowly than with 
pure sucrose, at one and the same temperature. Zerban 8 had previously 
shown that the asparagine and aspartic acid occurring in molasses slow 
up the destruction of levulose by the hydrochloric acid used for inversion. 

For further confirmation of the results obtained in the second series of 
experiments, a third series was run with ten more samples. The inversion 
was carried out (1) at 28° for 24 hours, which had been found sufficient 
for complete inversion; (2) at 35° for 24 hours; (3) by the Treasury pro¬ 
cedure of heating for 10 minutes at 60°; and (4) at 60° for 20 minutes. 

The results (Table 3) again show that heating for 10 minutes at 60° does 
not give complete inversion, the sucrose being found from 0.3 to 0.4 too 
low. A temperature of 35° is evidently too high if the inversion is carried 


* This Journal, 14 , 172 ( 1931 ). 
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on for 24 hours. Inversion at 60° for 20 minutes gives sucrose results 0.04— 
0.08 lower than inversion at 28° for 24 hours, whereas in the second series 
of experiments the result was about 0.1 higher. It would appear from this 
that in the long run the results obtained by the two procedures will check 
within 0.1 per cent up or down. In the second series, heating at 60° for 15 
minutes also gave a result about 0.1 higher than inversion at room tem¬ 
perature for 24 hours, showing that the average inversion curve is rather 
flat between 15 and 20 minutes at 60°. 

The following conclusions may be drawn from the results reported: 

(1) The average blackstrap is completely inverted in 24 hours at 28°; 

(2) heating to 60° for 10 minutes does not give complete inversion, and the 
time must be extended to 15-20 minutes; (3) heating to 70° for 8 minutes 
gives a sucrose result checking within less than 0.1 per cent with that ob¬ 
tained after inversion for 24 hours at 28°. It must be understood that these 
conclusions are valid only for an average Cuban or Puerto Rican black¬ 
strap, and that in individual cases the time given for the different tem¬ 
peratures may either be insufficient for complete inversion or may cause 
incipient destruction of invert sugar. 


THE VALUE OF STATISTICS IN THE FORMULATION OF 
CHEMICAL METHODS* 

By Lila F. Knudsen! (Food Division,! Food and Drug Administration! 

Federal Security Agency, Washington, D. C.) 

Most of what follow's has been said before; however, very likely the 
cerebral furrows plowed by the points of these ideas have been leveled by 
the varying winds of everyday problems and the flood waters of routine 
w r ork. An attempt is made here to replow some of those furrow s wuth the 
hope that the contours may be preserved, and erosion checked. 

This is not an attempt to give a condensed course in statistics but merely 
an effort to point out a few of the advantages and uses of the tool. It is 
left to the reader to point out the disadvantages. Statistics interprets 
figures, but it may be retorted that “the interpreter is the harder of the 
two to understand.” 

Statistics is a tool that can be applied to many fields of endeavor. Up to 
a decade ago it was used almost exclusively by economists and bio¬ 
metricians. Now, it is being used by psychologists, engineers, manufac¬ 
turers, the Army and Navy, and a few chemists. In fact, one of the men 
who has been a prime influence in developing statistical methods was a 


* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, Inc , held at 
Washington, D. C., October 27-28, 1943. _ , ^ ^ . . 

t The author wishes to acknowledge gratefully the encouragement of H. A Lepper of Food Division, 
Food and Drug Administration. 
t W. B. White, Chief 
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chemist in a Dublin brewery. The reader may have heard of “Student’s 
t test” and various papers by “Student.” This pseudonym was chosen by 
William Sealy Gosset because of a clause in his contract with the brewery 
which prohibited publishing articles under his own name. 

In chemistry, statistics furnishes a tool to measure the variability of re¬ 
sults, and to point out those results that may be affected by extraneous 
causes which could be controlled in a more satisfactory manner (such as 
temperature, type of equipment, manner of interpretation of instructions) 
and thus help eliminate these causes of variation. 

QUALITY CONTROL 

There are many ways of applying this tool. One of these, namely quality 
control, has been very successful in munitions making, ordnance, and 
other manufacturing. Quality control helps locate avoidable faults in 
manufacturing. This modus operandi also governs the Army inspection at 
Picatinny Arsenal, the Aberdeen proving grounds, and other places, of all 
manufactured items on which quality can be measured, such as burning 
time of fuses, weight of an explosive charge, explosive power of detonators, 
etc. 

Dr. Walter A. Shewhart of the Bell Telephone Laboratories and Colonel 
Leslie E. Simon of the Ordnance Department, U. S. Army, have done 
more than any other persons to apply statistics to manufacturing processes 
and ballistics (1, 7, 8). Both have popularized the use of the control chart 
method. 

Possibly the best way to explain the control chart method would be to 
cite an example of its application. In making even such a small thing as a 
rivet the manufacturing process has to be tried again and again with minor 
changes each time, to insure that the width, length, head, etc., of the rivet 
do not vary more than a certain tolerated amount. This tolerance might 
be compared with the tolerance or error of a chemical analysis. 

In Figure 1, some hypothetical data are used to illustrate the graphic 
control chart method. Certain types of explosive rivets are more effective 
if they fit snugly and smoothly into holes that are .001 of an inch larger 
than their specified shank diameter of .125 of an inch. In the purely 
hypothetical control chart given in Figure 1, the average, as indicated by 
the line so labeled, is the average of all previously manufactured rivets, 
and the control limits or tolerance limits, as indicated by the dotted lines, 
are obtained from the variation encountered in previous experience (the 
average plus or minus three times the standard deviation). The plotted 
points indicate the average measurements of samples of 4 rivets, where 
one sample of 4 rivets was taken every hour from one machine on dif¬ 
ferent days during production. All of the points here are within the control 
limits. If a dot falls outside the tolerance lines, the inference is that some 
extraneous cause or causes have been operating, and the foreman or opera- 
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tor is told to look for trouble,—and usually finds it. It may be that a dif¬ 
ferent alloy was used for the rivets or a tool in the machine is becoming 
worn. (There are theoretical reasons behind choosing three standard de¬ 
viations as a tolerance limit, but what really counts is that they work.) 
Quality control men in munitions, aeronautics, and other manufacturing 
all over the country and in England have found that if an observation 
falls outside these limits trouble is brewing or “has brewed.” When all the 
necessary adjustments on the machinery have been made and the dots 
are always falling within the tolerance limits the process is said to be “in 
a state of statistical control,” as in the case of the shank diameter of rivets 
in Figure 1. 
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Fig. 1.—Control chart on the average shank diameter op 

EXPLOSIVE RIVETS-HYPOTHETICAL DATA. 

Chemical analyses could be “in statistical control” just as much as a 
manufactured product. In routine analyses of the same product a control 
chart will point out “trouble”—e.g., when the product is beginning to run 
below standard or when some difficulty of analysis occurs. For instance, 
in a series of determinations of moisture content, it was obvious after the 
plotting of the results that the first of triplicate analyses of a sample was 
always high no matter what chemist had made the analyses. On looking 
for the cause, it was found that the grinder (chopping-bowl type) was 
washed with hot water between samples. Therefore it was cold for the 
first sample but warm for each subsequent sample, thus causing more 
evaporation. 

Figure 2 illustrates the use of control chart technic on the selenium 
method as validated by collaborative results given by Klein (4). The re¬ 
sults submitted by ten collaborators (A, B, C . . . J) are plotted according 
to collaborator. When the average and the control limits (the average plus 
or minus 3 standard deviations) are inserted on the chart, it is obvious 
that the results of collaborators D and J are essentially different from the 
results of the other eight collaborators. There are usually very definite 
causes for such essentially different results: (1) the samples are not strictly 
identical, (2) the method is not closely enough defined, or (3) the analyst 
has inadvertently failed to follow the method. In all cases it is desirable to 
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ferret out and remedy the causes of discrepancies, possibly by sending out 
new samples from the same lot, cautioning that extra care be taken with 
the method, and inviting questions and criticism of any nebulous in¬ 
structions. 

This illustration applies the control chart technic to similar samples of 
one product analyzed by several chemists. A control chart could also be 
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ON THE KLEIN SELENIUM METHOD: 


kept on the routine analyses of a standardized product over a period of 
time, or on the differences between duplicates of a single chemist’s analyses 
on several different products. These are merely suggestions on some uses 
of a control chart; once a control chart method proves its own advantages, 
the chemist will find many different applications for it. 

Since homogeneity forms the basis for the control chart technic, too 
frequent changes in chemical methods are obviously undesirable. For 
example, when analyses of a supposedly homogeneous group of samples are 
being considered, and subsequent samples are to be compared with this 
group, the earlier and later groups should be analyzed by identical 
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methods. Lepper has pointed out (5) that many methods of analysis are 
largely empirical, that minor changes merely involve going from one 
empirical procedure to another, and that minor changes in several succes¬ 
sive years may finally produce methods that give results consistently dif¬ 
ferent from those obtained under the original directions. The minor 
changes to which he referred were those made without a careful trial of 
their influence on the result. The tool, statistics, will enable an analyst to 
evaluate the changes in a method, and to gain an idea of the error of the 
new method and of the tolerances to be allowed. It will also help the ana¬ 
lyst to realize the multitudinous sources of error and to so design his ex¬ 
periment or collaborative set-up as to include and evaluate the most im¬ 
portant errors. However, in order to use the tool results must be homoge¬ 
neous as far as possible, that is, the same method must boused. The ideal, 
of course, is to have enough data on the same method to indicate the need 
(or lack of it) for a more accurate and/or precise method. To a large extent 
the policies of the Association of Official Agricultural Chemists are aimed 
at this target. It has long been recognized that the merit of an analytical 
method can be measured in terms of the probability of the successful 
reproduction of its results, and that mere numbers of analyses do not 
necessarily furnish this information. 

ACCURACY VS. REPRODUCIBILITY 

The tool, statistics, also gives a measure of the accuracy and reproduci¬ 
bility of the results on a method. For the sake of clarity a definition is 
given of these terms, which are, as all chemists know, two different things. 
The accuracy of a method is indicative of the agreement between the ob¬ 
tained result and the “true” result, while reproducibility (sometimes called 
precision) indicates agreement between many obtained results regardless 
of what the true results may be. Accuracy shows how closely a method 
measures what it is supposed to measure, while reproducibility shows how 
closely many measurements agree. Given a sample which is known to con¬ 
tain 100 mg. of iodine, a very accurate and highly reproducible method 
would give, say, from 99.5 to 100.5 mg. of iodine, while an accurate but 
poorly reproducible method might give from 95.0 to 105.0 mg. of iodine; 
an inaccurate but highly reproducible method would possibly give from 
85 to 86 mg. of iodine, while a method which is both inaccurate and poorly 
reproducible might give from 80 to 90 mg. of iodine. 

Accuracy can be estimated by comparing the average of several chemi¬ 
cal determinations of a given constituent with the amount known to be 
present. Reproducibility can be given by one figure: the standard devia¬ 
tion (or variation of results around their average). Of course the data used 
in determining these two estimates—namely, accuracy and reproducibility 
—should not be obtained from only one chemist or only one laboratory if 
they are to be applied to any chemist in any laboratory. 
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TYPES OF ERRORS 

To the scientist it is self evident that a single observation would be suf¬ 
ficient for prediction purposes if the material and conditions were perfectly 
controlled and if the observations were perfectly made and recorded. 
Obviously, this is a practical impossibility; no observation can be per¬ 
fectly repeated. Also, chemists are only human, too, and avoidable errors 
may creep into their work. 

There are several distinct types of analytical errors in analyses of identi¬ 
cal material. For the present purpose the over-all error may be divided 
into three parts. The first type of error involves how closely an analyst can 
check himself. It is an impossibility for one analyst to check himself per¬ 
fectly. The second type of error involves how closely one analyst can check 
another, using the same apparatus in the same laboratory. There may be 
slight differences in interpretation of instructions or slight differences in 
technic that cause this type of error. The third type of error involves how 
closely one analyst can check another at another laboratory. Here again 
the slight differences in interpretation of instructions enter in, but there 
are apparently other influencing factors which cause this error to be some¬ 
what larger than the second type. 

DESIGN OF EXPERIMENT TO TAKE INTO 
ACCOUNT THESE ERRORS 

The collaborative work should be designed to cover all three types of 
errors. A suggested design is given in Table 1, in which an identical num¬ 
ber of replicate analyses are run by each analyst on each method at each 
laboratory, and individual analyses are reported. In any method it is very 
desirable for an analyst to be able to check the results of another analyst 

Table 1 .—Design of collaborative work on identical samples 
comparing two methods 


ANALYST NO. 1 


ANALYST NO. 2 
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almost as closely as he can check his own results. If this is not the case, 
frequently there are assignable causes for one type of error being larger 
than another, and when these causes are pointed out the situation may be 
remedied, possibly by a slight change in the method itself or a change in 
the wording of the instructions. This results in minimizing the over-all 
error and improving the method by increasing its reproducibility. 

SAMPLING AND ITS IMPLICATIONS 

The dictionary gives the definition of a sample as “a part of anything 
presented for inspection, a specimen.” According to this definition, the 
people living in New York City might be considered as a sample of those 
living in the United States, or a spoonful of milk from the top of an unshaken 
bottle as a sample of the milk in the bottle. Usually in taking a sample 
from a batch of material there is a serious attempt at making the sampling 
procedure random. Sometimes this attempt is so deliberate that the pur¬ 
pose is frustrated. For instance, if one attempts to make a random selec¬ 
tion of the numbers of the pages of a book, it would be found that very 
seldom would the first or the last page be chosen. 

One of the chemists in this Administration recalled an account of the 
choosing of the “Unknown Soldier” for Arlington Cemetery. There were 
six caskets of unknown soldiers side by side in a tent, and a sergeant was 
told to select the casket to be sent to Arlington. He entered the tent and 
after surveying the six caskets placed a red rose on the third as being that 
of “The Unknown Soldier.” The account went on to say that psychological 
laboratory experiments indicate that almost anyone confronted with this 
choice would have chosen the third or the fourth casket out of the six 
and that very seldom, almost never, would a person choose the first or 
sixth. Therefore this was not a random choice of the Unknown Soldier. It 
must be remembered that randomness is not synonymous with haphazard¬ 
ness. Randomness means that each unit of whatever is being sampled has 
an equal chance of occurring in the sample. 

Suppose a biochemist feeds two substances to each of two groups of six 
rats chosen from the same cage. If he gives the first substance to the first 
six animals he catches, he will not have a random sample of the rats but 
will have the less lively animals and therefore will be biasing his results at 
the very start of an experiment. He could have ensured the randomness in 
some way, possibly by numbering the doses—say 1 to 10—and then put¬ 
ting the doses in random order to be used as the animals were chosen from 
the cage. The tossing of a die in general indicates a random selection unless 
the die is loaded or imperfect. The shuffling of a group of numbered disks 
and the choice of a sample from this group (if the group is relatively small) 
sometimes gives a fairly good sample. However, the best way of making a 
truly random choice is to use one of the several published sets of random 
numbers (3, 9) that offer a series of choices without the use of such auxili¬ 
ary devices as dice or metal disks. 
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However, most sampling of agricultural products is designed to be 
representative rather than random. Nevertheless, a distinction should be 
made between the two types of samples; the random one where each 
article of the lot has an equal chance of occurring in the sample and the 
representative one where each portion of the lot is intentionally repre¬ 
sented in the sample. 

Sometimes even if the sample is chosen in a truly random manner from 
a lot of articles, only a small percentage of which is deficient, it estimates 
the lot as being better than it is. Take certain types of radio tubes, for in¬ 
stance. Given, a carload of radio tubes, 10 per cent of which is known to be 
defective while 90 per cent is known to be satisfactory, the chances of 
getting one good radio tube if a single tube is taken from the carload are 
.9. In drawing a sample of two, the chances that both radio tubes will be 
good are .9 2 or .81. Similarly, the chances of getting ten good tubes in a 
sample of ten are .9 10 or .35. This means that 35 per cent of the time all ten 
radio tubes will be satisfactory. In the same manner the chances of getting 
nine good tubes and one defective tube can be calculated to be .39. In 
other words, in taking a sample of ten radio tubes from this carload only 
(100 — 35—39) or 26 per cent of the time will the sample of ten be poorer 
than the entire carload while 35 per cent of the time they will be better 
than the carload. 

This bias (overestimating the quality of a lot) occurs only when there 
is a small percentage of deficiency, and the smaller the percentage of 
deficiency the greater the bias. Also, as the size of the sample approaches 
the size of the lot the bias tends to disappear. 

The main point to be brought out here is that the existence of this bias 
should be recognized and the sample considered in that light. 

A WORD OF CAUTION ON HISTORICAL BACK¬ 
GROUND OF A METHOD 

Recently, in an investigation of methods of cheese sampling a statement 
was found to the effect that “the best type of sample has been shown to be 
a wedge of the cheese. ,, Curiosity regarding the results of this sampling 
experiment led to a search of the records down through such statements as 
“the best type of sample is a wedge” and finally to the source statement 
some 30 years previously, “we took a wedge of cheese,” with no sampling 
experiment conducted at all! This type of modification of statements is 
common in human relations as is perhaps best illustrated by witnesses' 
testimony in court. It is, therefore, important not to ignore the historical 
background of the method under consideration. 

There are many other more specialized applications of statistics to 
chemistry that have not been even mentioned here, notably to certain 
fields of biochemistry. It must be remembered that statistics is just a 
common sense condensation of the multitudinous results of an experiment 
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into a few figures or graphs. The statistical results naturally can be no 
better than the experiment itself. Statistics does not enable anyone to use 
the results of one small experiment to draw sweeping generalizations on 
the entire universe. Further, it should not be abused “to conceal damage or 
inferiority, or to make the article appear better or of greater value than 
it is.” 

To conclude, the following is quoted from the “Father of Statistics,” 
Francis Gal ton: 

It is always well to retain a clear geometric view of the facts when we are dealing 
with statistical problems, which abound with dangerous pitfalls, easily overlooked 
by the unwary, while they are cantering gaily along upon their arithmetic. 
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MICROSCOPIC IDENTIFICATION OF CRYSTALLINE 
SUBSTANCES LISTED IN UNITED STATES 
PHARMACOPOEIA XII*t 

By George L. Keenan (U. S. Food and Drug Administration, 
Washington, D. C.) 

Over a considerable period of time in connection with general regulatory 
work on drugs, the author has collected a large amount of optical crystallo¬ 
graphic data on numerous inorganic and organic crystalline substances. In 
the course of this work it has been apparent that data on such substances 
are widely distributed in a variety of publications or have never been de- 


* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C., October 27, 28, 1943. 

t Contribution from Microanalytical Division. 
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termined. On numerous occasions the identification of crystalline material 
through the determination of optical crystallographic properties has been 
very helpful, especially in instances where the amount of material avail¬ 
able was insufficient for the usual chemical tests. 

In the descriptions of the compounds included in United States Pharma¬ 
copoeia XII, identification is dependent upon certain fixed criteria, such 
as melting point, boiling point, optical rotation, and chemical test. In 
many instances optical crystallographic data, especially the refractive in¬ 
dices of these compounds, would be of considerable value from a diagnostic 
standpoint, and these indices are usually readily obtainable. It is with this 
thought in mind that the data included in this paper have been compiled 
as a ready reference for use by analysts interested in the identification of 
substances capable of treatment by the optical crystallographic technic. 
It is believed that the use of these data in combination with other usual 
conventional descriptions of these substances will enable workers in this 
field to save considerable time and energy in the identification of crystal¬ 
line substances. Some of the optical data presented in the tables have 
already appeared in the literature, but a large proportion constitutes un¬ 
published material. In Table 1 the substances are arranged alphabetically 
with their significant refractive indices, and in Table 2 the substances are 
arranged according to ascending value of the lowest index of refraction 
(n«, n € , or n w ). Any significant intermediate refractive index (n*), although 
not the np value, is listed in the n p column for convenience. 

In the selection of optical data, it is obvious that some limit must be 
set, otherwise the microscopic description could assume the magnitude of 
a monograph on each substance. The specialist in this field realizes that 
there is considerable descriptive material common to many crystalline 
substances that is not necessarily of diagnostic value, and therefore some 
selection has to be made of those constants that are significant for each 
substance. In the case of crystalline substances, the refractive indices 
stand out as the most important constants that can be relied upon in the 
microscopic identification of the material. To be sure, other optical data 
may be useful and the worker in this technic may desire to use them. 
Ultimately, however, the final classification of the substance for purposes 
of identification will depend upon a determination of the refractive index 
or indices. Therefore, emphasis has been placed on these values, but 
where possible the crystal system and general habit or form of the sub¬ 
stance have been included. 

In view of the fact that the application of the polarizing or chemical 
microscope to the identification of crystalline substances is becoming 
more general and several descriptions of the immersion method are al¬ 
ready on record in the literature, only a brief description of the general 
procedure will be given. The details of the technic can be obtained from 
published articles and textbooks, a list of which is appended. 
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The microscopic examination of crystalline material may be conveni¬ 
ently divided into three parts, examinations made in plane polarized light 
(lower nicol in position), in parallel polarized light (crossed nicols), and in 
convergent polarized light (crossed nicols). 

In plane polarized light, the form or habit of the crystalline material will 
be revealed by direct observation, and the refractive indices can be readily 
determined. In the immersion method, the crystalline material is immersed 
in a drop of liquid (usually oily in nature), the refractive index of which 
has been previously determined with a refractometer. For the determina¬ 
tion of the refractive indices, the crystals or crystal fragments of a given 
substance are successively suspended in liquids of known refractive index, 
advantage being taken of the fact that the greater the difference between 
indices of refraction of crystal and liquid, the more prominently the one 
will stand out from the other. By repeatedly mounting such crystals or 
fragments in oils of successively lower or higher index, it will be found ulti¬ 
mately that the zone of contact of crystal with liquid becomes practically 
invisible. At this point, the refractive index of the crystal has been 
matched with that of the liquid. In the case of substances crystallizing in 
the isometric (cubic) system, there is only one refractive index, designated 
as n. Such substances are not doubly refractive when examined with 
crossed nicols (parallel polarized light). Substances crystallizing in the 
orthorhombic, monoclinic, and triclinic systems may show three signifi¬ 
cant refractive indices, designated as n a) np ) and n y . Substances crystalliz¬ 
ing in the tetragonal, hexagonal, and trigonal systems may show two 
significant indices, designated as n w , and n e . Usually two such values 
are sufficient for the identification of the substance, but a third value, in 
the case of biaxial substances, may often be determined. 

In parallel polarized light (crossed nicols) it may be ascertained whether 
the substance is singly or doubly refractive. Singly refracting (isotropic) 
substances transmit no light when examined with crossed nicols while 
doubly refracting (or anisotropic) substances do transmit light under the 
same conditions and exhibit changes from light to dark when the micro¬ 
scope stage is rotated. Extinction angle and sign of elongation may also 
be determined with crossed nicols. 

In convergent polarized light (crossed nicols), it is possible to determine 
whether the substance is uniaxial or biaxial, this information assisting in 
determining the orientation and in correctly interpreting the refractive 
indices obtained. 

The specialist in this particular technic will observe that in many in¬ 
stances where the optical-crystallographic data are given for the first 
time, all of the indices of refraction have not been determined. For instance, 
in the case of a substance that would be expected to have n a , ftp, and n y 
values, possibly only two will be given, namely n a and n y . Also, frequently 
a significant index, but not a conventional one, n» (intermediate refractive 
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Table 1 . —Summary of refractive indices and other data by substance 



CRYSTAL STSTEH 

n a 

np or rii 

ny 

Acetanilid 

Rhombic 

1.515 

1.620 

>1.733 

Acetophenetidin * 

Monoclinic 

1.518 

1.574 

>1.733 

Acetylsalicylic acid 

Tri clinic 

1.505 

1.645 

1.655 

Aminoacetic acid 

Monoclinic 

1.495 

1.615 

1.650 

Aminopyrine 

? 

1.520 

— 

1.732 

Ammonium chloride 

Isometric 

1.643 

— 

— 

Antimony and pot. tartrate 

Rhombic 

1.620 

1.636 

1.638 

Antipyrine 

Monoclinic 

1.570 

1.694 

1.732 

Arsenic trioxide 

Isometric 

1.755 

— 

— 

Ascorbic acid 

? 

1.483 

1.605 

>1.695 

Atropine 

Rhombic 

1.550 

— 

1.595 

Barbital t 

? 

1.445 

1.548 

1.580 

Barbital sodium 

? 

1.512 

— 

1.615 

Barium sulfate 

Rhombic 

1.637 

1.638 

1.649 

Benzoic acid 

Monoclinic 

1.616 (common n) 

— 

Betanaphthol 

Monoclinic 

1.523 

— 

1.733 

Boric acid 

Triclinic 

1.340 

1.456 

1.459 

CaffeineJ 

? 

1.455 

1.472 (n.) 

1.733 

Calcium carbonate? 

Calcium lactate 

Trigonal 

? 

1.470 


1.510 

Chloral hydrate 

Monoclinic 

1.538 

1.600 

1.602 

Citric acid 

Rhombic 

1.493 

1.498 

1.509 

Cocaine hydrochloride 

Rhombic 

1.570 

1.596 

1.618 

Codeine 

Rhombic 

1.543 

1.636 

1.684 

Codeine sulfate 

Rhombic 

1.561 

1.642 

1.6G1 

Cupric sulfate 

Triclinic 

1.514 

1.537 

1.543 

Dextrose 

Monoclinic 

1.521 

— 

1.549 

Ephedrine hydrochloride 

? 

1.530 

1.603 

1.638 

Ephedrine sulfate 

? 

1.540 

1.565 

1.590 

Epinephrine 

? 

1.555 

— 

1.733 

Ergotamine tartrate 

? 

1.518 

— 

1.625 

Estradiol benzoate 

? 

1.586 

— 

1.632 

Estrone 

Monoclinic 

1.520 

1.642 

1.692 

Eucaine hydrochloride 

? 

1.506 

1.585 

1.645 

Eucatropine hydrochloride 

? 

1.560 

— 

1.610 

Ferrous sulfate 

Monoclinic 

1.471 

1.478 

1.485 

Homatropine hydrobromide 

? 

1.603 

1.610 (wO 

1.645 

Lactose 

Monoclinic 

1.517 

1.542 

1.550 

Magnesium sulfate 

Rhombic 

1.433 

1.455 

1.461 

Methenamine 

? 

1.590 (singly refracting) 

Morphine sulfate 

Rhombic 

1.545 

1.620 

1.632 

Mercury bichloride 

Rhombic 

1.725 

1.859 

1.965 

Nicotinic acid 

? 

1.428 

1.733(tii) 

— 

Neostigmine bromide 

? 

1.560 

1.658 

1.675 

Neostigmine methyl sulfate 

? 

1.519 

1.525 

1.580 

Nicotinamide 

? 

1.485 

1.734(w<) 

>1.733 

Pentobarbital sodium 

? 

1.477 

— 

1.523 

Phenacaine hydrochloride 

? 

1.518 

1.603 

1.733 
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Table 1.— Continued 


SUBSTANCE CRYSTAL SYSTEM 

n a 

np or n t 

n y 

Phenobarbital|| 

? 

1.557 

1.620 

1.667 

Pilocarpine nitrate 

? 

1.475 

1.588 

1.608 

Phenolphthalein 

Triclinic 

1.635 

— 

1.673 

Potassium alum 

Isometric 

1.450 

— 

— 

Potassium bicarbonate 

Monoclinic 

1.380 

1.482 

1.578 

Potassium bitartrate 

? 

1.510 

— 

1.590 

Potassium bromide 

Isometric 

1 .559 

— 

— 

Potassium chloride 

Isometric 

1.490 

— 

— 

Potassium and sod. tartrate 

Rhombic 

1.492 

1.493 

1.496 

Potassium iodide 

Isometric 

1.667 

— 

— 

Potassium nitrate 

Rhombic 

1 .334 

1.505 

1.506 

Procaine hydrochloride 

? 

1.540 

1.556 

>1.690 

Guinacrine hydrochloride 

? 

1 .522 

1.733K) 

>1.733 

Ouinidine sulfate 

? 

1.565 

1.607 

1.670 

Quinine bisulfate 

? 

1.555 

— 

1.620 

Quinine hydrochloride 

? 

1 .588 

1.615 

1 .656 

Quinine sulfate 

? 

1 .595 

1.635 

1 690 

Saccharin 

Monoclinic 

1 .535 

1 690 

>1.733 

Saccharin sodium 

? 

1.560 

1.642 

1.733 

Silver nitrate 

Rhombic 

1 .729 

— 

1.78S 

Sodium benzoate 

? 

1.490 

— 

1 .680 

Sodium bicarbonate 

Monoclinic 

1 .380 

1.500 

1 586 

Sodium borate 

Monoclinic 

1.447 

1 470 

1.472 

Sodium bromide 

Isometric 

1.641 

— 

— 

Sodium carbonate monohyd. 

Rhombic 

1.420 

1.509 

1 525 

Sodium chloride 

Isometric 

1.544 

— 

— 

Sodium citrate 

Monoclinic 

1.470 

1.500 

1 .510 

Sodium iodide 

Isometric 

1.775 

— 

— 

Sodium salicylate 

? 

1 .421 

1 .445(n t ) 

1.678 

Sodium sulfate 

Monoclinic 

1.394 

1.396 

1.398 

Strychnine sulfate 

Monoclinic 

1 .592 

1.597 

1.661 

Sucrose 

Monoclinic 

1 540 

1.567 

1 572 

Sulfanilamide 

? 

1 .570 

1.677(n,) 

>1.733 

Sulfapyridine 

? 

1.680 

1.733 

>1.733 

Sulfapyridine sodium 

? 

1.590 

— 

1.700 

Sulfathiazole 

? 

1.674 

1.685 

>1.733 





(plates) 

Sulfathiazole 

? 

1.605 

1.733 

>1.733 





(rods) 

Talc, purified 

Monoclinic 

1.539 

1 .589 

1 .589 

Tartaric acid 

Monoclinic 

1.495 

1 .536 

1.605 

Tetracaine hydrochloride 

? 

1.488 

1 733 (n.) 

>1 .733 

Theophylline 

? 

1.447 

1.695 (n t ) 

>1 733 

Urea If 

Tetragonal 





* Dimorphic. 

t May exist m different phases, 
i Effloresces in dry air 
fi nt =*1.486; 1 658. 

j May exist in three crystal phases. 
1 n t -1.602, n w -1.484. 
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Table 2. —Substances arranged according to ascending value of lowest index 


LOWEST 

INTERMEDIATE 

MAXIMUM 


REFRACTIVE 

REFRACTIVE 

REFRACTIVE 

SUBSTANCE 

INDEX 

INDEX 

INDEX 


1.334 

1.505 

1.506 

Potassium nitrate 

1.340 

1.456 

1.459 

Boric acid 

1.380 

1.482 

1.578 

Potassium bicarbonate 

1.380 

1.500 

1.586 

Sodium bicarbonate 

1.394 

1.396 

1.398 

Sodium sulfate 

1.420 

1.509 

1.525 

Sodium carbonate 

1.421 

1.445 

1.678 

Sodium salicylate 

1.428 

1.733 

— 

Nicotinic acid 

1.433 

1.455 

1 .461 

Magnesium sulfate 

1.445 

1.548 

1.580 

Barbital 

1.447 

1.470 

1.472 

Sodium borate 

1.447 

1.695 

>1.734 

Theophylline 

1.450 

— 

— 

Potassium alum 

1.455 

1.472 

1.733 

Caffeine 

1.459 

— 

— 

Ammonium alum 

1.470 

1.500 

1.510 

Sodium citrate 

1.470 

— 

1.510 

Calcium lactate 

1.471 

1.478 

1.485 

Ferrous sulfate 

1.475 

1.588 

1.608 

Pilocarpine nitrate 

1.477 

— 

1.523 

Pentobarbital sodium 

1.483 

1.605 

>1.695 

Ascorbic acid 

1.484 

— 

1.602 

Urea 

1.485 

1.733 

>1.733 

Nicotinamide 

1.486 

— 

1.658 

Calcium carbonate 

1.488 

1.733 

>1.733 

Tetracaine hydrochloride 

1.490 

— 

— 

Potassium chloride 

1.490 

— 

1.680 

Sodium benzoate 

1.492 

1.493 

1.496 

Pot. and sod. tartrate 

1.493 

1.498 

1.509 

Citric acid 

1.495 

1.536 

1.605 

Tartaric acid 

1.495 

1.615 

1.650 

Aminoacetic acid 

1.505 

1.645 

1.655 

Acetylsalicylic acid 

1.506 

1.585 

1.645 

Eucaine hydrochloride 

1.510 

— 

1.590 

Potassium bitartrate 

1.512 

— 

1.615 

Barbital sodium 

1.514 

1.537 

1.543 

Cupric sulfate 

1.515 

1.620 

>1.733 

Acetanilid 

1.517 

1.542 

1.550 

Lactose 

1.518 

1.603 

1.733 

Phenacaine hydrochloride 

1.518 

1.574 

>1.733 

Acetophenetidin 

1.518 

— 

1.625 

Ergotamine tartrate 

1.519 

1.525 

1.580 

Neostigmine methylsulfate 

1.520 

— 

1.733 

Aminopyrine 

1.520 

1.642 

1.692 

Estrone 

1.521 

— 

1.549 

Dextrose 
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Table 2 .—Continued 


LOWEST 

REFRACTIVE 

INDEX 

INTERMEDIATE 

RETRACTIVE 

INDEX 

MAXIMUM 

REFRACTIVE 

INDEX 

SUBSTANCE 

1.522 

1.733 

>1.733 

Ouinacrine hydrochloride 

1.523 

— 

1.733 

Betanaphthol 

1.530 

1.603 

1.638 

Ephedrine hydrochloride 

1.535 

1.690 

>1.733 

Saccharin 

1.538 

1.600 

1.602 

Chloral hydrate 

1.539 

1.589 

1.589 

Talc, purified 

1.540 

1.556 

>1.690 

Procaine hydrochloride 

1.540 

1.567 

1.572 

Sucrose 

1.540 

1.565 

1.590 

Ephedrine sulfate 

1.543 

1.636 

1.684 

Codeine' 

1.544 

— 

— 

Sodium chloride 

1.545 

1.620 

1.632 

Morphine sulfate 

1.550 

— 

1.595 

Atropine 

1.555 

— 

1.733 

Epinephrine 

1.555 

— 

1.020 

Quinine bisulfate 

1.557 

1.620 

1.667 

Phenobarbital 

1.559 

— 

— 

Potassium bromide 

1.560 

1.658 

1.675 

Neostigmine bromide 

1.560 

1.642 

1.733 

Saccharin sodium 

1.560 

— 

1.610 

Eucatropine hydrochloride 

1.561 

1 .642 

1.661 

Codeine sulfate 

1.565 

1.607 

1.670 

Quinidine sulfate 

1.570 

1.694 

1.733 

Antipyrinc 

1.570 

1.596 

1.618 

Cocaine hydrochloride 

1.570 

1.677 

>1.733 

Sulfanilamide 

1.586 

— 

1.632 

Estradiol benzoate 

1.588 

1.615 

1 .656 

Quinine hydrochloride 

1.590 

— 

— 

Methenamine 

1.590 

— 

1.700 

Sulfapyridine sodium 

1.592 

1.597 

1.661 

Strychnine sulfate 

1.595 

1.635 

1.690 

Quinine sulfate 

1.603 

1.610 

1 .645 

Homatropine hydrobromide 

1.616 

— 

— 

Benzoic acid 

1.620 

1.636 

1.638 

Antimony and potassium tartrate, 

1.635 

— 

1.673 

Phenolphthalein 

1.637 

1.638 

1.649 

Barium sulfate 

1.641 

— 

— 

Sodium bromide 

1.643 

— 

— 

Ammonium chloride 

1.667 

— 

— 

Potassium iodide 

1.674 

1.685 

>1.733 

Sulfathiazole 

1.680 

1.733 

>1.733 

Sulfapyridine 

1.725 

1.859 

1.965 

Mercury bichloride 

1.729 

— 

1.788 

Silver nitrate 

1.755 

— 

— 

Arsenic trioxide 

1.775 

— 

— 

Sodium iodide 
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index, as between n a and n* or n* and n y ), will be recorded. Workers ac¬ 
quainted with this method are well aware that the orientation of the 
crystal fragments plays an important role in a determination of the con¬ 
ventional refractive indices. Indices measured without regard to orienta¬ 
tion would usually be considered worthless. Unfortunately, many organic 
crystalline substances, especially when they occur in plate-like or irregular 
fragments, do not furnish the worker with the interference figures upon 
which he must rely to interpret properly the index values he has obtained. 
There are cases where it is practically impossible to obtain the proper 
orientation for the measurement of specific indices. Many substances, also, 
will persist in assuming one orientation only. Such a feature is significant 
and valuable for determinative purposes, although possibly disconcerting 
from a theoretical standpoint. In this collection of new data, therefore, 
there will be instances where the n B was not recorded, because interference 
figures were not characteristic of the substance, or only partially so, and 
the suitable orientation for the measurement of this index was not obtain¬ 
able. For the determination of the minimum and maximum index values, 
those fragments were selected which showed the strongest double refrac¬ 
tion. In other words, the lowest index of refraction obtainable on the sub¬ 
stance would be considered as n a and the highest as n y . Fortunately, sub¬ 
stances crystallizing in rods and needles and showing parallel extinction, 
as will be readily appreciated, do not offer such difficulties. In the last 
analysis, the worker interested in identifying a substance by this technic 
has to take the substance as he finds it, and the quickest approach to the 
solution of his problem, consistent with accuracy, will be a dependence on 
those data that are readily determined, not on those that are theoretically 
possible yet at the same time impracticable of measurement and too time- 
consuming, if they can be determined. 

In the descriptive list that follows, some crystalline substances have 
been omitted. These substances are variable in composition and are af¬ 
fected by light, or they become hygroscopic or effloresce under certain 
conditions. In some instances, the substances omitted are essentially 
microcrystalline in character, precluding any accurate microscopic study. 
Data on any of these substances would be considered unreliable and at 
best only approximate. 


SUMMARY 

The significant refractive indices of ninety crystalline substances listed 
in United States Pharmacopoeia XII have been recorded. These indices 
have been arranged in two tables for ready reference in determinative 
work. A brief description of the immersion method employed in the de¬ 
termination of many of these indices has also been given. 
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IRON IN STOCK FEEDS 

COMPARISON OF TITRIMETRIC AND COLORIMETRIC METHODS 

By L. S. Marcello and C. V. Marshall (Plant Products Division, 
Department of Agriculture, Ottawa, Canada) 

Two methods are outlined by the A.O.A.C. (1) for the determination of 
iron in plants: (a) the colorimetric method, which is a direct comparison 
of the intensity of the ferric thiocyanate color of the unknown solution 
with that of a standard iron solution; and (b) the volumetric method, in 
which the unknown iron solution is titrated with titanium trichloride. The 
latter method is not satisfactory because it is difficult to keep titanium 
salts in a stable form, as they decompose readily. 

The literature regarding the stability of ferric thiocyanate color is 
somewhat confusing. Hallinan (2) selected thiocyanate in preference to 
other reagents because it gave a satisfactory color reaction with iron in 
acid solution. The official method (1) of iron analysis in plants is also 
based on the color reaction with SCN~. On the other hand, Stugart (3), 
Winsor (4), Steinhauser and Ginsberg (5), and Cowling and Benne (6) 
noted that the reddish color of ferric thiocyanate in acidified solutions 
fades on standing, and that this reaction tends to give low results when 
this colorimetric procedure is used for determining iron. Rakestraw et al. 
(7) state that the serious difficulty with the thiocyanate color reaction is 
the instability of the colored compound, and Cowling and Benne (6) claim 
that “the present A.O.A.C. colorimetric method for iron in plants is not 
easily adaptable for use with a photoelectric colorimeter because of the 
instability of ferric thiocyanate in acidified aqueous solutions.” Bradbury 
and Edwards (8) suggested a new titrimetric method for the determination 
of ferric iron by titration with mercurous nitrate solution. Kunin (9, 10) 
applied this method to soils and silicates and found it to compare quite 
favorably with the stannous chloride method. 
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It was decided to apply the Bradbury-Edwaids mercurous nitrate 
method to the determination of the iron content of stock feeds. In this 
laboratory the colorimetric method (11), whereby the red ferric thiocya¬ 
nate color is compared to a standard in a Klett colorimeter, has been used. 
The instrument is costly, and the method involves eye-strain and fatigue. 
The details of the titrimetric method used follow: 

METHOD 

REAGENTS 

(a) Stock solution. —HgNOrHsO, about 0.018 N. 1 ml. of 0.018 N solution o to 
1 mg. of Fe 

Hg+ + Fe +++ —>Fe ++ + Hg ++ + 

200.61 65.84 

1 liter of N Hg solution =c= 55.84 grams of Fe. 

1 ml. of N Hg solution =c= 55.84 mg. of Fe. 

1 ml. of 0.018 N Hg solution o 55.84 X.018 = 1.00 mg. of Fe. 

Weigh out 5.0513 grams of C.P. HgN0 3 ’H 2 0 into a liter volumetric flask and 
make to volume in 5% HN0 3 . Standardize this solution by taking a definite aliquot 
(50 ml.) and diluting to about 200 ml. Add 15 ml. of N HC1. Let precipitate stand 
overnight and filter on a tared Gooch crucible. Dry at 105°C. to constant weight. 
From the weight of precipitate calculate the normality of the solution. (This solution 
has shown no change in titer over a period of three months.) 

(b) Working solution .—HgNCV H 2 0, 0.0018 N. Dilute 100 ml. of the stock solu¬ 
tion to 1 liter. 

1 ml. of 0.0018 N HgNOs* H 2 0 =0.100 mg. Fe. 

The strength of this solution has remained constant for eight weeks. 

For an alternative method of standardization, titrate the HgNO* against a solu¬ 
tion of known iron content. 

(c) Ammonium thiocyanate .—32 grams of NH 4 SCN/100 ml. 

PROCEDURE 

For digestion of the sample use the following procedure as suggested by Marshall 
et al. ( 11 ): 

In a 200 volumetric P 2 06 flask, digest 2.0000 grams of sample with 10 ml. of 
HNO 3 by boiling gently for 30 minutes, or letting stand overnight. Allow to cool 
somewhat and add 5 ml. of HCIO 4 (70-72%). Continue digestion by boiling gently 
until a slight charring occurs when the acid becomes concentrated. Then raise the 
temperature and complete the digestion until the solution is water white and dense 
white fumes appear. After cooling, make to volume, allow to settle, and take aliquot. 

Place a 20 ml. aliquot representing 0.2 gram of sample in a 200 ml. Berzelius 
beaker and add 5 ml. of 32% NH 4 SCN. Then add the HgNOa solution dropwise from 
a microburet till the last trace of pink disappears. Shake the solution vigorously 
after adding each drop of the reagent as the end point is approached. From number 
of ml. of mercury solution used, calculate percentage of iron in sample. 

EXPERIMENTAL 

The stock feeds analyzed by the colorimetric method and also by the 
mercurous nitrate method included concentrates of low iron content and 
mineral supplements containing larger amounts of iron. The results are 
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Table 1 .—Comparison of titrimetric mercurous nitrate method 
with colorimetric thiocyanate method 


SAMPLE NO. 

IRON CONTENT OF STOCK PBBD8 

COLORIMETRIC METHOD 

TITRIMETRIC METHOD 


per cent 

per cent 

361 

0.06 

0.06 

365 

0.93 

0.92 

366 

0.69 

0.75 

368 

0.10 

0.11 

371 

0.04 

0.05 

372 

0.03 

0.02 

381 

0.04 

0.05 

412 

0.24 

0.26 

440 

0.05 

0.07 

460 

0.02 

0.03 

512 

0.07 

0.07 

515 

0.09 

0.10 

535 

0.04 

0.04 

716 

0.07 

0.08 

718 

0.10 

0.09 

751 

0.08 

0.09 

807 

0.05 

0.06 

811 

0.05 

0.06 

825 

0.24 

0.24 

851 

0.04 

0.04 

857 

0.03 

0.05 

887 

0.07 

0.09 

889 

0.04 

0.06 

891 

0.93 

0.95 

953 

0.09 

0.10 

1102 

1.44 

1.81 

1157 

0.05 

0.05 

1163 

0.04 

0.04 

1218 

0.04 

0.04 

1221 

0.09 

0.10 


recorded in Table 1, which shows that the two methods are in close agree¬ 
ment. 

Recovery studies were carried out on nine different samples of stock 
feeds, which were divided into two groups. To one group a standard iron 
solution containing 0.12 mg./ml. was added; to the second group a stand¬ 
ard iron solution containing 2.47 mg./ml. was added. In all cases 2.000 
grams was placed in a digestion flask, the iron solution was added, and the 
digestion and analyses were carried out as described previously. These re¬ 
sults are shown in Table 2. The recoveries shown in the first half of this 
table vary from 91.7 to 104.2 per cent. It will be seen that the low per¬ 
centage recovery was obtained where a very small quantity of iron was 
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Table 2 .— Iron recovery studies 


8 AMPLE MO. 

IROH FOUND 
in 2 GRAMS 

IRON IN 

SAMPLE 

IRON ADDED 

nON RECOVERED 


mg. 

per cent 

mg. 

mg. 

per Gent 

361 

1.28 

0.064 

0.00 

— 

— 


1.51 


0.24 

0.23 

95.8 


1.89 


0.60 

0.61 

101.6 


2.51 


1.20 

1.23 

102.5 

412 

5.16 

0.258 

0.00 

— 

— 


5.40 


0.24 

0.24 

100.0 


5.77 


0.60 

0.61 

101.6 


6.34 


1.20 

1.18 

98.3 

512 

1.46 

0.073 

0.00 

— 

— 


1.68 


0.24 

0.22 

91.7 


2.03 


0.60 

0.57 

95.0 


2.70 


1.20 

1.24 

103.3 

836 

3.32 

0.166 

0.00 

— 

— 


3.56 


0.24 

0.24 

100.0 


3.91 


0.60 

0.59 

98.3 


4.51 


1.20 

1.19 

99.2 

953 

2.00 

0.100 

0.00 

_ 

— 


2.25 


0.24 

0.25 

104.2 


2.62 


0.60 

0.62 

103.3 


3.21 


1.20 

1.21 

100.8 

440 

1.38 

0.069 

— 

— 

— 


3.83 


2.47 

2.45 

99.1 


6.36 


4.94 

4.98 

100.8 


13.51 


12.35 

12.13 

98.2 

512 

1.46 

0.073 

— 

— 

— 


3.91 


2.47 

2.45 

99.1 


6.50 


4.94 

5.04 

102.0 


13.74 


12.35 

12.28 

99.4 

515 

1.96 

0.098 

— 

— 

_ 


4.44 


2.47 

2.48 

100.4 


7.08 


4.94 

5.12 

103.6 


14.39 


12.35 

12.43 

100.6 

718 

1.86 

0.093 

— 

— 

— 


4.42 


2.47 

2.56 

103.6 


6.70 


4.94 

4.84 

98.1 


14.16 


12.35 

12.30 

99.5 

825 

4.86 

0.243 

— 

— 

— 


7.37 


2.47 

2.51 

101.6 


9.81 


4.94 

4.95 

100.2 


17.12 


12.35 

12.26 

99.2 
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added, and hence experimental error is great. The recoveries shown in the 
second part of Table 2 range from 98.1 to 103.6 per cent. 

SUMMARY 

A method is outlined for the determination of iron in stock feeds. It 
compares quite favorably with the thiocyanate colorimetric method and 
has the following advantages over the colorimetric method: (a) It is more 
time-saving; (b) it is less expensive because no costly apparatus is re¬ 
quired; and (c) it is not eye-straining and fatiguing, as is the colorimetric 
method. 
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MICROSCOPIC DETERMINATION OF WHEAT BRAN IN 
WHEAT GRAY SHORTS 

By Ewing E. Brown and G. S. Fraps (Texas Agricultural Experiment 
Station, College Station, Texas) 

Microscopic examination has long been accepted as a method for the 
qualitative detection of adulterants in foods and feeds. It can also be used 
for quantitive work. 

In the quantitative microscopic analyses of feeding stuffs, it is necessary 
to reduce the particles to sizes that are both small and uniform. A suitable 
quantity is weighed upon a ruled slide and cleared with the appropriate 
treatments if necessary, and the characteristic particles are counted. This 
number is then compared with the count of similar particles from definite 
quantities of samples of known purity. When suitably modified, the 
method described here for the determination of wheat bran in wheat gray 
shorts can also be applied to other ingredients of feeds. 

METHOD 

Grind 10 grams of the sample through a 40-mesh sieve in a Wiley Intermediate 
Mill. In the case of wheat gray shorts, mix thoroughly 1 gram with 9 grams of wheat 
flour. Weigh .01 gram upon a microscopic slide having a square marked on it about 
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25X25 mm. Moisten with S drops of chloral hydrate solution consisting of equal 
parts of chloral hydrate, water, and glycerol, and spread evenly over the square. This 
solution is used for distributing the sample and not for clearing it. By means of a 
binocular compound microscope with 10 Xocular and 1.5 mm. objective and a me¬ 
chanical stage, count the characteristic particles of wheat bran. Systematically sur¬ 
vey the field by means of the mechanical stage. (The wheat bran particles are com¬ 
binations of structures as shown in the figures on page 1951 of “Winton’s Microscopy 
of Vegetable Foods,” Vol. 1 (1932). Count the number of bran particles on three or 
more slides; then calculate by dividing this number by the average number of 
particles contained in 0.01 gram of similar mixtures containing 1 per cent of stand¬ 
ard bran. The writers found this number to be 2.2. 

In order to ascertain the factor to be used for wheat bran, samples of 
wheat bran considered by the miller to be pure were secured from a 
number of mills, and mixtures were made containing 0.1 gram of bran and 
9.9 grams of flour, and 0.2 gram of bran and 9.8 grams of flour, or 1 per 
cent and 2 per cent mixtures. The results are given in Table 1. The average 
count is 21.8 bran particles for 0.01 gram of a 1 per cent mixture, which 
would be 2.2 for 1 per cent bran at a dilution of 10 per cent, which is used 
with the wheat gray shorts. 


Table 1 .—Wheat bran particles in .01 gram of pure 
wheat bran diluted with wheat flour 



LABORATORY NUMBER 

1% MIXTURE 
SLIDE SLIDE SLIDE 

1 2 3 

AVERAGE 

PER 1% 

2% MIXTURE 
SLIDE SLIDE SLIDE 

1 2 3 

AVERAGE 
PER 1% 

67315 

Morrison Milling Co. 

Denton 

22 

22 

23 

22.3 

45 

43 

44 

22.0 

67316 

Fant Milling Co. 

Sherman 

21 

23 

21 

21.7 

47 

41 

42 

21.7 

67317 

Burrus Mill and Elevator Co. 
Fort Worth 

20 

21 

21 

20.7 

43 

45 

41 

21.5 

67318 

Seguin Milling Co. 

Seguin 

21 

23 

22 

22.0 

44 

43 

j 

45 

22.0 

67293 

Bewley Mills 

Fort Worth 

23 

21 

22 

22.0 

45 

42 

47 

22.3 

67294 

Liberty Mills 

San Antonio 

31 

18 

20 

23.0 

46 

44 

40 

21.7 

67295 

Pioneer Flour Mills 

San Antonio 

24 

20 

21 

21.7 

43 

46 

40 

21.5 

67296 

H. Dittlinger Roller Mills Co. 
New Braunfels 

22 

20 

23 

21.0 

42 

45 

44 

21.8 

67345 

General Mills* 

Minneapolis, Minn. 

19 

23 

23 

21.7 

43 

46 

43 

22.0 

67346 

Kimball-Diamond Milling Co. 
Greenville 

22 

23 

21 

22.0 

45 

47 

41 

22.2 


Average 




21.8 




21.9 


’ All other mill* located in state of Texas. 
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Table 2 . —Total number of corn bran particles and number that could be mistaken 
for corn bran in 0.01 gram portion (averages of S slides) 


WHBAT BRAN 


Special 1 

25 

3 

Special 2 

26 

3 

Special 3 

22 

2 

59496 

24 

3 

60219 

25 

4 

60659 

24 

2 

63683 

26 

3 

Average 

25 

3 


The average count of .01 gram of 1 per cent wheat bran is 22 particles; 
while the counts of individual slides vary appreciably, ranging from 31 to 
18; the averages of 3 slides each of the ten samples range only from 20.7 
to 23.0. This shows also that the 10 samples of pure wheat bran were re¬ 
markably uniform in bran content. The error would ordinarily be about 
5 per cent of the wheat bran present. 

In some of the preliminary work, corn meal was used to dilute the wheat 
gray shorts instead of wheat flour. Corn meal contains particles that may 


Table 3 . —Bran content by microscopic analysis of commercial 
feeds called wheat gray shorts 


REGISTRATION 

NUMBER OF 

TEST SAMPLE 

NAME OF SAMPLE 

CRUDE FIBER 

BRAN 



per cent 

per cent 

90743 

Wheat gray Bhorts 

4.08 

19.0 

90764 

Wheat gray shorts 

6.22 

24.0 

86831 

Wheat gray shorts 

4.13 

27.5 

86792 

Wheat gray shorts 

4.54 

31.0 

90664 

Wheat gray shorts 

6.02 

31.5 

87123 

Wheat gray shorts and screenings 

5.78 

31.5 

90409 

Wheat gray shorts and screenings 

7.47 

35.7 

86741 

Wheat gray shorts 

6.73 

38.0 

90674 

Wheat gray shorts and screenings 

6.64 

38.2 

86571 

Wheat gray shorts 

8.25 

40.0 

86559 

Wheat gray shorts 

8.07 

40.5 

87114 

Wheat gray shorts and screenings 

6.23 

43.0 

86960 

Wheat gray shorts 

5.25 

44.0 

87203 

Wheat gray shorts and screenings 

5.74 

45.5 

86576 

Wheat gray shorts 

7.45 

49.5 

86579 

Wheat gray shorts 

7.90 

55.5 

83491 

Wheat gray shorts and screenings 

6.67 

59.0 
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be mistaken for those of wheat bran unless very thoroughly examined. In 
order to ascertain how many such particles might be present, several 
samples of commercial corn meal intended for human food were selected 
and ground, and 0.1 gram portions were examined. The results are shown 
in Table 2. With an average of 25 particles to .01 gram of corn meal, 3 
particles might be mistaken for wheat bran particles. Therefore corn meal 
is not a suitable diluent. 

DISCUSSION 

If a mechanical stage is not available, a slide with ruled Jines would be 
helpful. Wheat flour was found to spread more easily than corn starch. It 
is important for the analyst to have standard samples for comparison, in 
order that he may be familiar with the structure of the particles to be 
counted. 

The content of bran in 17 samples of commercial feeds termed wheat 
gray shorts and wheat gray shorts and screenings, as determined by the 
microscopic method, is shown in Table 3, three slides being used for each 
sample. Although there are some exceptions, the bran content is related to 
the crude fiber content. The official definition* adopted by the American 
Feed Control Officials before 1928 states that a feed should not be called 
wheat gray shorts if it contains more than 6 per cent crude fiber. Most of 
the samples (Table 3) that contain more than 33 per cent bran particles 
also contain more than 6 per cent of crude fiber. It is possible to reduce the 
crude fiber of commercial wheat products by mixing in wheat white shorts 
or ground wheat. 

SUMMARY 

In order to determine bran in wheat gray shorts by microscopic 
methods, the sample is ground to a uniform size and diluted with wheat 
flour, and the bran particles are counted in 0.01 gram weighed on a micro¬ 
scopic slide. The count is converted to percentage of bran by use of a 
factor obtained in a similar way from pure wheat brans. 

The bran so determined is related to the crude fiber content of the wheat 
gray shorts. 

ESTIMATION OF CAFFEINE IN COFFEE EXTRACTS 

By G. K. Crowell (Division of Chemistry and Sanitation, New Hamp¬ 
shire State Department of Health, Concord, New Hampshire) 

Within the past year a number of brands of soluble coffee extracts have 
been submitted to this Department for caffeine assay. One brand was 
labeled as containing equal amounts of coffee extract and added carbo¬ 
hydrates (dextrins, maltose, and dextrose). 


* Official publication of the Association of American Feed Control Officials (1043). 
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It was observed that the caffeine recovery from the brands analyzed by 
means of the Power-Chesnut method, 1 though giving excellent checks on 
duplicate runs, seemed extremely low, which would indicate either that 
the labeling was incorrect or that the eight-hour continuous alcohol ex¬ 
traction failed to remove all the caffeine. It was subsequently found that 
the latter impression was correct. 

After the extraction had progressed for a short time it was also observed 
that the original fine, powdery material became a gummy, impenetrable 
mass. After two hours of continuous extraction, a portion of the freshly 
refluxed alcohol was removed from the overflow of the extractors. This 
sample failed to give a qualitative test for caffeine, which indicates that 
all the caffeine that could be extracted by this procedure was removed 
within the first few hours. 

It was of interest to determine which of the A.O.A.C. caffeine methods, 
if any, would give accurate results with products of this character, also 
to determine why the Power-Chesnut method failed to give a complete 
extraction. 

The methods employed for the estimation of caffeine and the percentage 
recoveries are given in the table. 

Since the actual caffeine contents of the coffee preparations discussed 
here are not known, the column titled “Percentage Recovery” contains 
only comparative results that appear to be congruent. This column was 
included only to aid in the evaluation of each assay. 

The term “re-extraction” used in the tables indicates that the sample 
had originally been extracted for caffeine by the Power-Chesnut method. 
The residue from the extraction thimble was then removed and air-dried, 
cooled in a refrigerator, and ground fine in a mortar. Aid in grinding the 
gummy residue was accomplished by the use of sand. The material was 
then transferred back to the original extraction thimble and re-extracted 
for eight hours with fresh alcohol. All the alcohol extracts were combined, 
and the subsequent procedure followed the Power-Chesnut method. In 
some cases the grinding and re-extraction were repeated a number of 
times. 

The results (Table 1) show that the Power-Chesnut method does not 
recover all the caffeine in dried coffee extracts whether added dextrin and 
dextrose are present or not. With a straight commercial product one 
grinding and with a commercial product containing added carbohydrates 
two grindings of the gummy residue with sand followed by re-extraction 
were required to obtain results comparable to those obtained by the 
Fendler-Sttiber 1 and Bailey-Andrew 2 (tea) methods. With drip-grind 
coffee added carbohydrates inhibit the extraction and recovery of caffeine, 
since a re-extraction was required to recover the total amount present. 


1 Methods of Analysis, A.O.A.C 1940, 195. 
* Ibtd., 198. 
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Table 1 


SAMPLE 

NO. 

DBSOBIFTION OF SAMPLE 

METHOD 

FBBOBNTAGE 

CAFFEINE 

GBAV. NX3.464 

PEBCBNT- 

AGE BE¬ 
GOV EBT 

NPC 

Commercial extract with added carbohydrates 

A oommerial coffee extract purporting to consist Power-Chesnut 

0.65 

0.60 

60 

NPC-1 

of equal parts of coffee extract and added carbo¬ 
hydrates 

Same as NPC plus one re-extraction 

Power-Chesnut 

0.97 

0.91 

91 

NPC-2 

Same as NPC plus two re-extractions 

Power-Chesnut 

1.07 

1.00 

100 

NPC-3 

Same as NPC plus three re-extractions 

Power-Chesnut 

1.08 

1.00 

100 

NPC-4 

Same as NPC extracted for 16 hours 

Power-Chesnut 

0.66 

0.00 

60 

NFS 

Same as NPC 

Fendler-Sttiber 

1.04 

0.98 

98 

NBA 

Same as NPC 

Bailey-Andrew 

1.06 

1.01 

100 

GPC 

Straight coffee extract 

A commercial brand of straight coffee extract Power-Chesnut 

1.29 

1.21 

25 

GPC-1 

Same as GPC plus one re-extraction 

Power-Chesnut 

4.78 

4.70 

99 

GFS 

Same as GPC 

Fendler-Sttiber 

4.80 

4.76 

100 

GBA 

Same as GPC 

Bailey-Andrew 

4.78 

4.74 

100 

GPC-2 

Mixture (50%GPC +10% dextrin +40% dextrose) 

Power-Chesnut 

0.64 

0.57 

24 

GFS-1 

Mixture (60% GPC +10% dextrin +40% dextrose) 

Fendler-Sttiber 

2.43 

2.37 

100 

GBA-1 

Mixture (60% GPC +10%dextnn +40% dextrose) 

Bailey-Andrew 

2.44 

2.38 

100 

GPC-3 

Mixture (60% GPC +25% dextrin +25% dextrose) 

Power-Chesnut 

1.66 

1.60 

67 

GFS-3 

Mixture(50% GPC +25% dextrin +25% dextrose) 

Fendler-Sttiber 

2.44 

2.39 

100 

GBA-2 

Mixture(60% GPC +25% dextrin +25% dextrose) 

Bailey-Andrew 

2.44 

2.38 

100 

GPC-4 

Same as GPC-3 plus one re-extraction* 

Power-Chesnut 

1.92 

1.87 

79 

GPC-5 

Mixture (75% GPC +25% dextrose) 

Power-Chesnut 

0.91 

0.85 

24 

GPC-6 

Mixture (50% GPC +50% dextrose) 

Power-Chesnut 

0.62 

0.58 

24 

GPC-S 

Same as GPC 

t(see text) 

4.81 

4.78 

100 

MPC 

Straight coffee 

Straight coffee ("drip grind") 

Power-Chesnut 

1.28 

1.20 

100 

MPC-1 

Same as MPC plus one re-extraction 

Power-Chesnut 

1.29 

1.20 

100 

MPC-2 

Mixture(50% MPC+25% dextrin+25% dextiose)$ 

Power-Chesnut 

0.43 

0.39 

65 

MPC-3 

Same as MPC-2 plus one re-extraction 

Power-Chesnut 

0.62 

0.59 

98 

MPC-4 

Same as MPC-2 plus two re-extractions 

Power-Chesnut 

0.62 

0.59 

98 

MFS 

Same as MPC 

Fendler-Sttiber 

1.26 

1.18 

98 

MFS-1 

Same as MPC-2 

Fendler-Sttiber 

0.63 

0.58 

97 

MBA 

Same as MPC 

Bailey-Andrew 

1.28 

1.22 

100 

MBA-1 

Same as MPC-2 

Bailey-Andrew 

0.63 

0.60 

100 


• Very gummy residue, impossible to grind thoroughly, 
t Combined Fendler-Sttiber and Power-Chesnut methods, 
t The residue from an 8 hour extraction was slightly gummy. 


The agreement of the maximum recovery on re-extractions by the Fendler- 
Sttiber and Bailey-Andrew methods and the agreement of results by these 
two methods under the various conditions tried indicate that they give 
results that represent the total caffeine present. Sample GPC-S was sub¬ 
jected to a combination of the Fendler-Sttiber and Power-Chesnut 
methods for the estimation of caffeine. The sample was treated as out¬ 
lined in the Fendler-Sttiber method to the point where the chloroform 
extract was evaporated on the steam bath, and the final traces of chloro¬ 
form were removed with a current of air. The dry residue was dissolved in 
warm alcohol and then subjected to the Power-Chesnut method, where 
the alcohol extract is added to the heavy magnesium oxide in suspension 
with water. This procedure was expected to give good recovery, and to 
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determine whether a purer caffeine extract could be obtained. This aim 
was accomplished as excellent agreement was obtained between the gravi¬ 
metric and nitrogen assay methods. 

SUMMARY 

(1) The Power-Chesnut method failed to extract all caffeine present in 
the coffee extracts examined. 

(2) The results indicate that when the tentative Fendler-Stuber 
method and the official (tea) Bailey-Andrew method are applied to coffee 
extracts they give complete recovery of caffeine. 


FACTORS AFFECTING DETERMINATION OF ACID- AND 
BASE-FORMING QUALITY OF FERTILIZERS*! 

By H. R. Allen and Lelah Gault (Kentucky Agricultural Experiment 

Station, Lexington, Ky.) 

This paper is a report of an investigation of certain factors that affect 
the method of determining the acid- and base-forming quality of fertilizers. 

In the 1942 A.O.A.C. collaborative work on the proposed method for 
determining basicity of material coarser than 20 mesh 1 , very good check 
results were obtained on 2 of the 3 samples sent to collaborators. On 
Sample la, however, to which had been added coarser-than-20-mesh 
dolomite equivalent to 150 pounds of calcium carbonate per ton, the 
average result of the collaborators was only 127 pounds. The washed, 
coarser-than-20-mesh portion of this sample contained the equivalent 
of about 750 pounds of calcium carbonate per ton. When a 1-gram por¬ 
tion and 30 ml. of normal hydrochloric acid were used in the determina¬ 
tion, there was sufficient excess acid to react with ail the carbonate in 
the sample, but it was found that the reaction did not always proceed to 
completion because of the low acid concentration. A back titration was 
obtained with 0.5 N sodium hydroxide, which resulted in a low basicity 
figure. The presence of undecomposed carbonate was shown by efferves¬ 
cence when the residue, after filtration, was treated with hydrochloric 
acid. 

(1) Relationship between amount of dolomite present in sample and 
amount of excess acid required to react with all the carbonate. —A sample of 
mixed fertilizer (0.5 gram) was mixed with each of the weights of a dolo¬ 
mite shown in Table 1, and the basicity of the mixtures was determined by 
the A.O.A.C. method, 2 with variations in the amounts of normal hydro- 

* This investigation, made in connection with a project of the Kentucky Agricultural Experiment 

Station, is published by permission of the Director. . . 

. t Presented before tne Division of Fertiliser Chemistry at the 106t.h Meeting of the Amei lean Chemical 
Society, Pittsburgh, Penn., and released for publication in This Journal. 

1 This Journal, 26, 68 (1943). 

* Methods of Analysis , A.O.A.C., 1940, 37, 59. 
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chloric acid and in the use of molar and 0.5 molar sodium carbonate. The 
dolomite was ground to pass through a 0.5 mm. sieve. Digestions were 
made in beakers placed in a water bath heated by gas. The bottoms of the 
beakers were above the level of the water. The temperature of the solu¬ 
tions in the beakers during digestion was between 92° and 94°C. The basic¬ 
ity due to the mixed fertilizer in the mixture was determined by analysis 
as 50 pounds of calcium carbonate equivalent per ton, and the basicity 


Table 1 . —Basicity results (pounds CaCOt/ton ) when M and 0.6 M NaiCO, and 
N HCl were used in indicated quantities (digestion in water bath) 


0.5 ORAM or MIX 

M NaiCO. 

0.5 M NaiCO. 

FLOS DOLOMITE 

30 ML. N HCl 35 ML. N HCl 

20 ml. N HCl 

25 ML. N HCl 

20 ml. N HCl* 

gram 

0.15 

352 

367 

340 

350 

360 

0.20 

447 

470 

442 

455 

460 

0.25 

547 

560 

547 

555 

570 

0.30 

642 f 

660 

6251 

645 

680 

0.35 

6921 

762 

7201 

755 

775 

0.40 

8001 

855 

815f 

845 

885 


• 0.25 gram of mixed fertiliaer plus .075, .10, .125, .15, .175, and .20 gram, 
f Effervescence in residue when HCl was added. 


Table 2.— Basicity results (pounds CaCOi/tori) when mixture 
was digested on hot plate 


0.5 ORAM or MIX 

INDICATOR TITRATION 

GLAS8 ELECTRODE TITRATION 

PLUS DOLOMITE 

M Na»CO» 

0.5 M N&iCOi 

M Na*CO. 

0.5 M NaiCO. 

gram 

0.30 

660 

657 

660 

662 

0.35 

760 

755 

766 

761 

0.40 

860* 

8501 

865* 

8691 


* 31 ml. N HCl used. 
121 ml. N HCl used. 


of the dolomite as approximately 2050 pounds per ton. Calculation of the 
basicity of the mixtures was made on the basis of a 1-gram sample. 
Theoretical basicity of any determination may be calculated from the ba¬ 
sicity of the mixed fertilizer plus added dolomite as follows: 50 pounds 
plus weight of dolomite in grams times 2050. One group of determinations 
was made on samples, each of which contained 0.25 gram of the mixed 
fertilizer and one-half the weights of dolomite indicated in Column 1 of 
Table 1. 

Similar basicity determinations were made with digestion on a gas- 
heated hot plate, the mixtures indicated in Table 2 being used. The 
temperatures of the solutions were 98° to 99°C., and 1 ml. of additional 
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normal hydrochloric acid was added in the determination where 0.4 gram 
of dolomite was used. 

The effect of reducing the volume of water added was investigated by 
reducing the total volume of the digestion solution from 80 to 50 ml., as 
indicated in Table 3. Digestions were made on the sand bath; in the water 
bath with a current of carbon dioxide-free air passing through the solution 
for 30 minutes; and in the water bath, the solution being stirred three 
times during the digestion. 

Lower basicity results may be expected on samples containing more 
than 500 pounds of calcium carbonate equivalent per ton when a 1-gram 
portion and 30 ml. of normal hydrochloric acid are used. Mixed fertilizers 


Table 3 . —Effect of volume of water used on basicity results (pounds CaCOi/ton ) 


0.5 gram or mix 

FLOS DOLOMITE 

Af Na,CO. 

30 ml. N HC1 

AND 

20 ML. H.O* 

0.5 M Na,CO» 

20 ml. N HC1 

AND 

30 ML. H,Ot 

20 ml. N HCl 

AND 

30 ML. H«0£ 

gram 




0.30 

653 

653 

648 

0.35 

758 

753 

745 

0.40 

848 

848 

838 


* Digestion on sand bath 

t Digestion m water bath. Current of COi-free air passed through solution for 30 minutes during 
digestion. 

X Digestion m water bath. Solution stirred 3 times during digestion. 


usually do not contain this much dolomite, but the washed coarser-than- 
20-mesh portion may contain as much or more if the fertilizer contained 
100 pounds or more of coarser-than-20-mesh dolomite per ton. Somewhat 
higher results were obtained when a 0.5 gram sample was used, and this 
seems preferable for the higher amounts of dolomite. When determinations 
of basicity run more than 500 pounds per ton, the residue should be tested 
for undecomposed carbonate. Higher results were obtained when the di¬ 
gestion was made on the hot plate. This appeared to be due to the 5° to 
7° increase in temperature of the solution. Some later determinations, 
made on a steam bath in which the temperature of the solutions was as 
high as on the hot plate, indicate that digestion on the steam bath is as 
effective as on the hot plate. Reducing the volume of water and passing 
a current of carbon dioxide-free air through the solution during digestion 
did not give maximum results, especially with the 0.4 gram sample of 
dolomite. 

(2) Comparison of ashing temperatures of 500° and 600°C .—The 
A.O.A.C. method 2 specifies ashing the sample at 50G°-600°C. after evapo¬ 
ration to dryness with 10 ml. of molar sodium carbonate solution contain¬ 
ing 50 grams of sucrose per liter. The ashing should volatilize all the 
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nitrogen in the sample. The extent of the volatilization at these tempera¬ 
tures was investigated by ashing duplicate samples of the mixtures in¬ 
dicated in Table 4 at 500° and 600°C. and determining the nitrogen con¬ 
tent of the ashed samples. Molar and 0.5 molar sodium carbonate were 
used (the sucrose content of the 0.5 molar sodium carbonate solution was 
25 grams per liter). Ashing was made in an electric muffle equipped with 
a Wheelco Capacitrol temperature regulator. 


Table 4. —Per cent nitrogen in ash after ignition at 500 ° and 600°C . 


SAMPLE 0.5 GRAM OF MIX 

500°C. 

600*C. 

PLUS GRAMS DOLOMITE 

M Na*C0» 

0.5 M NaiCOi 

M N&iCOs 

0.5 M NaiCOi 

gram 

0.15 

0.51 

0.11 

0.11 

0.06 

0.25 

0.51 

0.11 

0.18 

0.06 

0.40 

0.53 

0.14 

0.15 

0.06 

0.3 gram (NHO2SO4 and 

0.7 gram Superphos 

0.02 

0.01 

0.01 

0.03 

0.38 gram NaN0 3 and 

0.62 gram Superphos 

0.12 

0.21 

0.04 

0.04 

0.19 gram tankage and 
0.81 gram Superphos 

0.31 

0.19 

0.01 

0.01 


A temperature of 500°C. was not high enough to volatilize all the nitro¬ 
gen in the sample, but a temperature of 600°C. was satisfactory for this 
purpose. A 0.5 molar sodium carbonate with 25 grams per liter of sucrose 
was more effective at 500°C. and at 600°C. than the molar sodium carbo¬ 
nate with 50 grams of sucrose per liter. Nitrogen from ammonium sulfate 
was almost completely volatilized at 500°C., but appreciable amounts of 
nitrogen from sodium nitrate and tankage were found in the samples 
ashed at 500°C. 

(3) Comparison of 0.25 and 0.5 gram sample in determination of basicity 
of dolomite and of C. P. calcium carbonate. —Basicity determinations on the 
dolomite used in this work and on a C. P. sample of calcium carbonate 
were made; 0.25 and 0.5 gram samples, each with molar and 0.5 molar 
sodium carbonate, were used. The basicity of the dolomite was checked 
by determining the calcium and magnesium contents by the A.O.A.C. 
methods 3 and calculating each to the calcium carbonate equivalent. By 
this procedure a basicity of 2060 pounds of calcium carbonate equivalent 
per ton was obtained. Results are reported in Table 5. 

The 0.5 gram sample seems preferable for determination of basicity of 


8 Methods of Analysis , A.O.A.C ., 1940, 34, 47; 36, 53. 
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dolomite or calcium carbonate. Slightly higher than theoretical results for 
the calcium carbonate were obtained when the 0.25 gram sample was used. 
For a 0.5 gram sample, 35 ml. of normal hydrochloric acid with molar 
sodium carbonate, or 25 ml. of normal hydrochloric acid with 0.5 molar 
sodium carbonate, should be used. The determination of basicity of the 
dolomite when a 0.5 gram sample was used checked closely with the 
calcium carbonate equivalent of the dolomite from analysis of the calcium 
and magnesium content. 

(4) Recovery of added coarser-than-20-mesh dolomite in mixed fertilizers 
as affected by sampling .—A major factor in the determination of basicity 


Table 5 . —Comparison of 0.25 and 0.5 gram samples in determination of basicity of 
dolomite and C. P. calcium carbonate (results in pounds CaCOs/tori) 



M Na»CO» | 

0.5 M Na*CO« 


0.5 ORAM* 

0.25 GRAM 

0.5 GRAMf 

0.25 GRAM 

Dolomite t§ 

2050 

2100 

2050 

2080 

Calcium carbonate 

2005 

2020 

1995 

2020 


*35 ml N HC1 used. 

t 25 mi. N IIC1 used. 

t 2060 pounds by determination of calcium and magnesium content. 

§ Theoietical CaCOi equivalent of dolomite ib 2171 pounds per ton. 

of dolomite coarser than 20-mesh in mixed fertilizers is the difficulty of 
obtaining uniform portions from the unground sample. Unground samples 
of mixed fertilizer containing varying amounts of dolomite, the particle 
size of which was between 10 and 20-mesh, were prepared. Each sample of 
500 grams was thoroughly mixed, and four 100 gram portions were weighed 
out. The sample was placed on a piece of oilcloth and each 100-gram por¬ 
tion was selected from 12 to 15 places as follows: A piece of light sheet alu¬ 
minum 3 by 3 inches was turned up on 2 opposite sides to form a flat boat 
with open ends. The boat was slid under the sample, one end was closed 
by holding a flat piece of aluminum firmly against it, and the contents 
were transferred to the weighing container. After each 100-gram portion 
had been weighed the sample was re-mixed and spread out, and the opera¬ 
tion was repeated for second, third, and fourth portions. The 100-gram 
portions were wet-sieved through a 20-mesh sieve, and the basicity of the 
coarser-than-20-mesh portion was determined as directed in the 1942 
A.O.A.C. report. 1 From similar samples of 400 grams each, 4 portions 
were selected by means of the Jones sample riffle, and the basicity of the 
coarser-than-20-mesh portion was determined. 

Results were duplicated within 10 pounds for coarser-than-20-mesh 
material up to 100 pounds, and within 15 pounds for material of 150 
pounds per ton, as shown in Tables 6 and 7. 
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Table 6.— Recovery of added coarser-than-20-mesh dolomite in mixed fertilizer8 
(pounds CaCOt/ton ). Hand sampled 


SAMPLE 

NUMBER 

WEIGHT OP 

>20-mebh 
PORTION IN GRAMS 

ADDED 

> 20-MESH 
DOLOMITE 

BASICITY OF ASH f 

WHOLE 

> 20-mesh 

PORTION 

DUB TO 

MIXED 

PBRTILIZBR 

la 

29.8 

25 

43 

13 

b 

26.7 

25 

37 

13 

c 

26.7 

25 

36 

13 

d 

22.0 

25 

36 

13 

2a 

HOB 

50 

55 

5 

b 


50 

50 

5 

c 

1 I 

50 

52 

5 

d 

15.0 

50 

47 

5 

3a 

29.4 


103 

12 

b 

29.2 


113 

12 

c 

26.3 

1 

105 

12 

d 

20.9 


96 

12 

4a 

20.3 

150 

167 

7 

b 

19.1 

150 

164 

7 

c 

18.5 

150 

157 

7 

d 

19.4 

150 

152 

7 


Table 7.— Recovery of added coarser-than-SO-mesh dolomite in mixed fertilizers 
(pounds CaCOi/ton). Sampled by Jones riffle 


SAMPLE 

NUMBER 

WEIGHT OP 

> 20-mesh 
PORTION IN ORAMS* 

ADDED 

> 20-mesh 

DOLOMITE 

BASICITY OP ASH 

WHOLE 

> 20-MESH 

PORTION 

DUE TO 

MIXED 

PERTILIEEB 

mmmm 

24.1 

50 

62 

13 

" H 

30.0 

50 

64 

13 


24.1 

50 

60 

13 

m 

26.2 

50 

55 

13 

6a 

28.1 

100 

108 

13 

b 

32.5 

100 

122 

13 

c 

25.7 

100 

110 

13 

d 

24.6 

100 

107 

13 

7a 

18.2 

150 

155 

7 

b 

21.6 

150 

167 

7 

c 

19.1 

150 

164 

7 

d 

17.8 

150 

149 

7 


Weight of washed coarser than-20-mesh portion divided by weight of whole sample. 
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SUMMARY 

The factors affecting the determination of acid- and base-forming qual¬ 
ity of fertilizers investigated were the following: 

(1) Relationship between the amount of dolomite and the amount of 
excess acid required to neutralize all the dolomite. 

(2) Comparison of the use of molar and 0.5 molar sodium carbonate in 
the determination. 

(3) Comparison of ashing temperatures of 500°C. and 600°C. 

(4) The recovery of added coarser-than-20-mesh dolomite in mixed 
fertilizers as affected by sampling. 


MICROSCOPIC IDENTIFICATION OF SODIUM AND POTAS¬ 
SIUM BY MEANS OF THEIR CRYSTALLINE PICROLONATES 

By William V. Eisenbekg and George L. Keenan* (Food and Drug 
Administration, Federal Security Agency, Washington, D. C.) 

In testing various reagents for their suitability to a new and highly 
specialized use, it was observed that picrolonic acid readily yielded a 
crystalline precipitate with several compounds produced by various manu¬ 
facturers. This was subsequently learned to be due to the presence of a 
sodium salt used in the preparation of these products. Although potassium 
compounds yielded a crystalline precipitate of similar habit, it was found 
that the crystalline picrolonates of sodium and potassium could be dif¬ 
ferentiated by their optical crystallographic properties. The reaction 
seemed to offer a quick method for the identification of sodium and potas¬ 
sium ions. 

The reagent used consisted of a 0.5 per cent solution of pjcrolonic acid 
in 50 per cent ethyl alcohol. A drop of this reagent was applied directly 
to the material or to a drop of the test solution on a microscopic slide and 
gently warmed. Immediately there formed small masses of yellow rods 
and needles, frequently occurring in circular aggregates of needles readily 
visible at 100 X (Figure 1). In the case of solid material the needles appear 
to emerge directly from the small fragment of test material. With test 
solutions the needles may form at the edge of the drop, and it is necessary 
to stir while warming for the purpose of inducing crystallization through¬ 
out the drop. 

The material formed on the slide is allowed to dry at room temperature. 
After drying, the yellow crystalline precipitate is transferred to another 
slide for examination with the polarizing microscope and the immersion 
method. 1 In the case of sodium, the small rods and needles that had 
separated from the circular aggregates were distinctly doubly refracting, 


* Contribution from Microanalytical Division. 

1 Keenan. George L.. Thu Journal, 15, 626 (1932). 
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with parallel extinction and negative elongation when examined with 
crossed nicols (parallel polarized light). The commonly occurring refrac¬ 
tive index (n a ) was found to be 1.616, and it was shown when the rods and 
needles were oriented with their long dimension parallel to the vibration 
plane of the lower nicol (lengthwise). The maximum refractive index (n 7 ) 
is greater than that of methylene iodide (1.734) and is shown crosswise on 
the rods and needles. Twenty sodium salts furnished this test without any 
difficulty. 

Potassium forms a crystalline compound of the same habit with picro- 
lonic acid, and if reliance were placed wholly on the objective appearance 
of the sodium and potassium salts when examined microscopically, one 
could be readily confused for the other. Optically, however, the salts are 
not identical and can be differentiated readily by the immersion method 
and examination with the polarizing microscope. The potassium salt 
prepared similarly for examination exhibited inclined extinction, instead 
of parallel, as in the case of the sodium salt. The elongation is negative for 
both salts. The minimum refractive index ( n a ) for potassium picrolonate 
is much lower than that for the sodium salt, being 1.505. An intermediate 
index (n<), 1.519, also is shown frequently. The maximum refractive index, 
like that for the sodium salt, is higher than that for methylene iodide 
(1.734). Twenty-two potassium salts furnished this test as easily as did 
the sodium compounds. 


Significant Optical Data for Sodium and Potassium Picrolonates 


Substance 

Habit 

w« n% 

n y 

Extinc¬ 

tion 

Elonga¬ 

tion 

Na picrolonate 

Yellow needles, 
rods 

1.616 — 

>1.734 

Parallel 

Negative 

K picrolonate 

Yellow needles, 
rods 

1.505 1.519 

>1.734 

Inclined 

Negative 


The test was found sufficiently sensitive to yield a copious crystalline 
precipitate with one drop of 0.2 per cent sodium nitrate (i.e., of the order 
of 28 micrograms of sodium), and likewise with one drop of 0.2 per cent 
potassium nitrate (i.e., of the order of 38 micrograms of potassium). 

Ca+ + , Ba ++ , Sr ++ , NH 4 +, Li+, Pb++, Cu ++ , and Mg ++ yield precipitates 
with picrolonic acid and should be removed when testing for sodium and 
potassium, since, as is generally the case in microchemical tests, the pres¬ 
ence of interfering ions will affect the form of the crystalline precipitate. 
Calcium and lithium form very fine wavy trichites; barium, a yellow 
amorphous precipitate; lead, a yellow flocculent mass of minute needles; 
and magnesium compact circular masses of minute needles, all unsuitable 
for optical study. Ammonium and strontium form crystalline picrolonates 
showing different habit and optical properties than those of sodium and 
potassium. Copper yields a somewhat similar crystalline precipitate as 
sodium and potassium but can be differentiated by its optical properties. 







1944] PORTER AND WILLITS: MOISTURE IN POTATO STARCH 179 

The procedure described is most effective on sodium and potassium 
salts present in dry physical mixtures encountered in the examination of 
food and drug products where the unknown material may be isolated as 
minute fragments under a low-power, wide, field binocular microscope. 
This offers a quick and direct means for the positive identification of 
sodium and potassium ions. 

In many chemical microscopic methods total reliance is placed upon 
the formation of a characteristic crystalline precipitate. When this pre¬ 
cipitate is characteristic enough so that little or no interference may result 
from the presence of other substances this method is of great value. How¬ 
ever, instances will arise, as in the present study, where the habit alone 
is not significant as a differentiating characteristic. In such cases a de¬ 
termination of the optical constants, if possible, serves as a specific means 
of identification. 

SUMMARY 

A chemical microscopic test for the identification of sodium and potas¬ 
sium has been described, and optical crystallographic constants have been 
given for differentiating the sodium and potassium salts formed with 
picrolonic acid. 


MOISTURE IN POTATO STARCH* 

By W. L. Porter and C. 0. Willits (Eastern Regional Research 

Laboratory, Bureau of Agricultural and Industrial Chemistry, 
Agricultural Research Administration, United States 
Department of Agriculture, Philadelphia 18, Pa.) 

Although numerous studies on moisture in cereals and feeds have been 
conducted, they have not provided a fully satisfactory method for making 
this determination, and the results are widely divergent. The relatively 
few data available on moisture in potato starch are especially inconclusive. 

An investigation was made of most of the better known methods for 
the estimation of moisture in agricultural products. The procedures were 
evaluated, and certain of the methods were modified in order to adapt 
them to the determination of the moisture content of potato starch. These 
studies included distillation procedures, the Karl Fischer chemical method, 
and such oven-drying methods as gravity convection, mechanical con¬ 
vection, and vacuum. 

Drying by heat is the procedure commonly used for the determination 
of moisture in starch. The official method of the German starch trade (14) 
specifies that five grams of starch be dried in a shallow dish for 1 hour at 
50°C. and then for 3 hours at 120°C. The first drying period is intended to 

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C„ October 27, 28, 1043. 
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prevent gelatinization of the starch; unless the moisture content is high, 
however, gelatinization will not take place. Schmorl (10) pointed out that 
in grains (malt) dried above 105°C. there is a noticeable decomposition of 
organic material, and it is his opinion that this organic material is es¬ 
sentially starch. 

Nelson and Hulett (7) postulate that decomposition of cereals heated in 
a vacuum occurs at widely different rates at all temperatures, but that 
until a definite temperature is exceeded the loss from decomposition is 
slight. They assume that at this temperature such loss becomes measur¬ 
able and increasingly greater. When plotted, the point where this loss 
begins is indicated by a break in the moisture-temperature curve. This 
point does not necessarily show the total amount of moisture present in 
the substance, but it does show the temperature to which the substance 
can be safely heated. Then, by extrapolating the first portion of the curve 
to the critical temperature of water, the total moisture content may be 
estimated. 

Sprockhoff (14) claimed an accuracy of 0.2-0.4 per cent for a method in 
which 10 grams of starch is supported in a pan suspended by a wire passing 
through the top of an oven and attached to one arm of a balance beam. 
The oven is kept at 90°-100°C. for 15-20 minutes and then at 140°-150°C. 
for 25-35 minutes. The Brabender moisture tester used in some of the 
drying studies reported in this paper is a modification of this device. 

Keller and Keller (4) state that it is possible to dry grain and flour at 
160°C. for 10 minutes or at 150°C. for 20 minutes in a Trinkler oven, or 
at 160°C. for 21 minutes or at 150°C. for 25 minutes if an air oven is used. 
Eva, Milton, and Geddes (2) show that the 130°C. air-oven, the gravity 
convection Brabender oven, and the DeKhotinsky oven give values for 
moisture that are similar to the vacuum oven (about 0.1 per cent lower). 

The oven methods employed by Sair and Fetzer (8, 9) in their investiga¬ 
tion of moisture determination in corn yielded results that ranged from 
a low value for the air oven at 110°C. to a high value for the vacuum oven 
at 100°C. They demonstrated that corn dried in the air oven still contained 
moisture by the fact that use of P 2 0 6 in conjunction with the air oven 
gave a value comparable to that obtained with the vacuum oven. 

The official method of the English starch trade specifies the use of the 
Carter-Simon moisture tester, which follows the principle of higher tem¬ 
perature for short drying periods. The oven is equipped with a chimney 
to give a more rapid circulation of air in the drying compartment, which 
is relatively small in proportion to the size of the drying dishes and to the 
chimney displacement. A 5 gram sample is dried for 15-30 minutes at 
155°C. 

Snyder and Sullivan (11, 12, 13) reported that when flour is dried dex- 
trinization takes place, followed by a marked change in the solubility of 
the carbohydrates, in the color of the flour, and in other physical and 
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chemical characteristics. The dextrinization of the starch, together with 
dehydration of the proteins during drying, and elimination of water in 
both cases, account for the anomalous moisture results commonly ob¬ 
served in the determination of moisture in flour. 

Distillation procedures for moisture determination in which toluene, 
xylene, light petroleum, and other solvents lighter than and immiscible 
with water are used have been found satisfactory for some materials. 
Sair and Fetzer (8, 9) found that distillation with toluene and with benzene 
yielded results that were similar and that compared favorably with their 
established moisture content. Alexander (1) reported the use of carbon 
tetrachloride, a liquid heavier than water, with a special trap so designed 
that the column of carbon tetrachloride would support the condensed 
water column. This has certain advantages over the lighter liquids in that 
it is nonflammable and keeps the sample from lying on the bottom of the 
flask, thus preventing superheating and charring. 

It may require hours to distil over all the water with the lower-boiling 
liquids, while the use of high-boiling liquids leads to decomposition of the 
material with the production of water. Tausz and Rumm (15) and Fair- 
brother and Wood (3) describe methods of distillation with tetrachloro- 
ethane, another solvent that is heavier than water and has a higher boiling 
point than xylene or toluene, but they do not consider the possible decom¬ 
position of the carbohydrate material. Moreover, they use as their stand¬ 
ard of comparison gravity convection-oven drying at 98.5°C. This is an 
empirical procedure, as it measures the water liberated at that tempera¬ 
ture, but does not necessarily measure the total moisture content of the 
sample. 

Tucker and Burke (16) report that distillation of most cereal products 
with tetraehloroethylene gives values that are the same in a few cases but 
usually are higher than those obtained by drying at 98.5°C. Lampe (5), 
who investigated starchy materials, reports that his results show the tetra- 
chloroethylene procedure to be suitable for routine moisture determina¬ 
tions. 

In the investigation of the use of the Karl Fischer reagent for the chemi¬ 
cal determination of moisture in regenerated cellulose, paper, and wood, 
Mitchell (6) reports that the method gives a more nearly complete re¬ 
covery of moisture than do the oven-drying methods. He obtained con¬ 
sistently higher results with the Karl Fischer reagent than by drying the 
same material at 102°C. to constant weight. It does not necessarily follow, 
however, that these results represent the actual moisture content, since 
the oven-drying procedure at 102°C. may not have removed all the mois¬ 
ture. 

METHODS USED 

Three samples of potato starch and one of rice starch were obtained. 
Each sample was thoroughly mixed by rolling it on a sampling cloth and 
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then stored in moisture-tight Mason jars. The following discussion is 
mainly concerned with the results obtained with Sample 1, potato starch. 

Mechanical Convection-Oven Methods. —Two types of mechanical con¬ 
vection ovens were used, a Brabender moisture tester and a Precision 
floor model. 

The Brabender moisture tester, an air oven with forced circulation, has 
a balance incorporated in the apparatus in such a manner that the sample 
can be weighed without removing it from the drying chamber. As the loss 
in weight is read directly in per cent on an illuminated scale, it can be 
measured at any interval of time for a given temperature, thus eliminating 
errors inherent in methods that require removal of the sample from the 
oven, cooling before weighing, and reheating to constant weight. Thus 
the rate of loss in weight caused by heat at any given temperature can be 
followed closely. Duplicate 5 gram (± 0.005) samples were weighed into 
tared, shallow aluminum pans (85 mm. X15 mm.) and placed in the drying 
chamber, which had been regulated to a given temperature. The loss in 
weight was noted at definite time intervals until a constant reading was 
obtained. This procedure was repeated for each temperature under con¬ 
sideration. All samples used in this study were weighed initially at the 
same time and stored in a desiccator containing no desiccant. 

In addition to the Brabender, a Precision floor-model mechanical con¬ 
vection oven and tared aluminum moisture dishes (50 mm. X25 mm.) 
with tight-fitting covers were used. Tests were made, either in duplicate 
or in triplicate, on 1-5 gram samples. The dishes were uncovered during 
the drying period. All the samples for each drying temperature were 
weighed and placed in the oven simultaneously, and each sample was re¬ 
moved after a definite time interval, cooled, and weighed. Since by this 
procedure the time required to reach constant weight at the temperature 
under consideration was determined without repeated periods of heating 
and cooling, the only opportunity for error was in the single cooling 
process. 

Gravity Convection-Oven Methods. —A Precision table-model gravity con¬ 
vection oven was used for many of the air-oven tests. The same moisture 
dishes and weights of sample were used as were employed in the mechani¬ 
cal convection oven, and the method of obtaining the degree of drying 
was the same as with the Precision mechanical convection oven. 

The Carter-Simon tests were made on 5 gram (± 0.005) samples, which 
were weighed out in the shallow, open, Carter-Simon moisture pans at the 
same time. Each sample was run through the oven at a different rate. 
Thus the time that each sample was in the drying chamber was varied. 
This procedure was repeated for each temperature of the experiment. 

Vacuum-Oven Drying Method. —A Weber vacuum oven was used. The 
pressure in the drying chamber was maintained at less than 5 mm. of 
mercury by use of a Welch “Duo-seal” pump. The same dishes, weight of 
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sample, and method of controlling errors were used as for the precision 
mechanical convection-oven drying method. 

Distillation Methods .—The apparatus used for solvents heavier than 
water was the Hercules moisture tester (1); for solvents lighcr than 
water, a modified Bidwell-Sterling apparatus was used. Twenty-gram 
samples were weighed into the distillation flasks, and sufficient solvent 
(100 ml.) was added to fill the receiver and cover the sample. The re¬ 
ceivers had a capacity of 5 ml. graduated in 0.05 ml. Distillation was con¬ 
tinued until the volume of the trapped water remained constant (3-5 
hours). 

Chemical Method .—The Karl Fischer chemical method for the determi¬ 
nation of moisture was used. The reagent was prepared according to the 
Mitchell (6) modification of the original Karl Fischer formula. One-gram 
samples were extracted with 10 ml. of water-free methanol for 8 hours in 
125 ml. Erlenmeyer flasks covered with a piece of rubber dental dam. 
The titration was carried out by inserting the buret tip through a pinhole 
in the rubber, thus preventing moisture in the laboratory air from coming 
in contact with either the reagent or the reaction mixture, thus making 
possible a sharp end point and reproducible results. 

DISCUSSION 

The percentage loss in weight of potato starch recorded by the Bra- 
bender moisture tester becomes greater with successively higher tempera¬ 
tures (Table 1). The rate of loss at each temperature is high in the begin¬ 
ning and falls off rapidly until the weight of the sample remains constant. 
In Figure 1 the percentage loss in weight is plotted against time. The curve 
for 120°C. lies just above that for 100°C., and the curve for each tempera¬ 
ture is higher than the one for the temperature immediately below it. 
These curves show that the total amount of volatile material liberated is 
dependent upon the temperature used. At the higher temperatures a light- 
brown discoloration appears, indicating an alteration in some of the 
samples during the time necessary to establish the constancy of weight. 
This alteration, however, does not affect the weight of the sample, as was 
demonstrated by a test run at a temperature above that for any run il¬ 
lustrated in Figure 1. Table 2 reports the data on potato starch dried in 
the mechanical convection oven for varying lengths of time at 180°C. The 
spectral reflectance of each of the samples was measured with a General 
Electric recording spectrophotometer, freshly deposited magnesium oxide 
being used as the standard. Parallel iodine tests were made on water ex¬ 
tracts of the samples to indicate changes in composition and solubility. 
In Figure 2 values of —log R, where R equals reflectance at 436 milli¬ 
microns, are plotted against log T (time in minutes). Increasing values of 
—log R correspond with increasing intensity of color as viewed by the eye. 
From Figure 2 and Table 2 it may be observed that no noticeable change 
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Table 1 .—Loss in weight of potato starch • dried in Brabender moisture tester at 
various temperatures for different periods of time 


100°C. 

120°C. 

135°C. 

150°C. b 

155°C. b 

160°C. 

170°C. 

TIME 

LOSS IN 

WT. 

TIMS 

LOBS IN 

WT. 

TIMS 

LOSS IN 

WT. 

TIMS 

LOSS IN 

WT. 

TIMS 

LOSS IN 

WT. 

TIMS 

LOSS IN 

WT. 

B 


min. 

percent 

min. 

percent 

min. 

per cent 

min. 

percent 

min. 

per cent 

min. 

per cent 

min. 

per cent 

2 

3.15 

2 

3.40 

2 

4.40 

1 

5.20 

1 

9.20 

1 

2.25 

1 

2.40 

6 

6.26 

4 

7.40 

4 

9.05 

2 

7.50 

2 

10.95 

2 

5.85 

2 

7.20 

9 

10.20 

6 

10.30 

6 

12.00 

3 

10.85 

3 

11.50 

3 

8.90 

3 

10.80 

12 

11.96 

8 

12.20 

7 

13.00 

4 

11.70 

4 

13.80 

4 

11.20 

4 

13.25 

1ft 

13.00 

10 

13.30 

8 

13.80 

5 

12.85 

5 

14.60 

5 

12.90 

5 

14.80 

18 

13.86 

12 

14.20 

9 

14.35 

6 

13.90 

6 


6 

14.10 

6 

15.90 

21 

14.35 

14 

14.80 

10 

14.85 

7 

14.60 

7 


7 

15.10 

7 

16.40 

24 

14.80 

16 

15.35 

11 

15.30 

8 

15.30 

8 


8 

15.70 

8 

16.50 

27 

15.25 

18 

15.60 

12 

15.50 

9 

15.70 

9 

16.25 

9 

16.15 

9 

16.75 

30 

16.30 

20 

15.70 

13 

15.75 

mm 

16.15 

10 

16.35 

HI 

16.35 

10 

16.80 

33 

15.60 

21 

15.80 

14 

15.90 

ll 

16.25 

11 

16.50 

11 

16.55 

11 

16.80 

30 

15.66 

22 

16.05 

15 

16.00 

12 

16.45 

12 

■ 

12 

16.65 

12 

16.85 

39 

15.60 

24 

16.05 

16 

16.20 

13 

16.45 

13 

16.60 

13 

16.70 

13 

16.85 

42 

15.85 

26 

16.10 

17 

16.30 

14 

16.45 

14 

16.60 

14 

» 

14 

16.85 

4ft 

15.85 

28 

16.15 

18 

16.30 

15 

16.45 

15 

16.65 

15 

16.70 

15 

16.90 

48 

15.90 

30 

16.20 

19 

16.30 

16 

16.50 

16 

16.65 

17 

16.80 

16 

16.85 

61 

15.95 

32 

16.20 

20 

16.30 

17 

16.55 

17 

16.65 

HI 

16.80 

17 

16.85 

64 

15.95 

34 

16.20 

21 

16.30 

18 

16.60 

18 

16.70 

22 

16.85 

20 

16.90 

67 

16.00 

36 

16.35 

22 

16.35 

19 

16.60 

19 

16.70 

25 

16.85 

25 

16.90 

60 

16.00 

38 

16.40 

23 


21 

16.60 

20 

16.70 


16.85 

30 

16 90 

63 

16.00 

40 

16.35 

25 

16.40 

24 

m 

22 

16.70 

42 


40 


68 

16.00 

42 

16.30 

27 

1 osB 

26 

16.60 

25 

16.70 

52 


50 

16.90 

74 

16.00 

45 

16.40 

29 

16.35 

29 

16.55 

30 

16.70 

60 

16.85 

60 

16.90 

96 

16.00 

50 

16.35 

31 

16.40 

30 

16.55 

40 

16.70 





122 

16.00 

60 

16.30 

33 

16.40 

34 

16.60 

50 

16.70 





164 

16.00 



35 

16.40 

39 

16.60 

60 

16.70 









39 

16.35 

44 

16.65 

70 

16.70 









44 

16.40 

50 

16.65 

80 

16.70 









50 

16.35 

60 

16.55 








* 



60 

16.40 










• Sample 1. 

b Sample was stored in empty desiccator for 2 days before the determination was made, but was 
weighed at the same time as all other samples. 


in the reflectance of the starch and no change in solubility occurred until 
the constant-weight period was reached. During the constant-weight 
period, a gradual increase in the discoloration (—log R) was noted, paral¬ 
leled by a gradual increase in the solubility of the starch, as indicated by 
the iodine reaction. Although discoloration and solubilization were pro¬ 
ceeding during the plateau period, they did not affect the weight of the 
sample, as indicated by the constancy of weight over a period of nearly 
four hours. After four hours of heating, a more drastic breakdown or al¬ 
teration occurred, accompanied by a further loss in weight, a sharp rise in 
the rate of discoloration, and the production of erythrodextrins, as was 
shown by the production of red color in the iodine test. Thus loss in weight 
occurred only after much longer time intervals than were necessary to 
establish the constant weight value. Since this was true when drying at 
180°, it must be true likewise for drying at lower temperatures, as illus- 
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Fig. 1. — Loss in weight of potato starch (sample 1) dried in the 

BRABENDER MOISTURE TESTER AT VARIOUS TEMPERATURES FOR DIFFERENT 

PERIODS OF TIME. 

trated graphically in Figure 1. These data also confirm Nelson and 
Hulett’s observations (7) that decomposition occurs at widely different 
rates and that until a definite time is reached the loss from decomposition 
is slight, even at a high temperature, but that after this point the loss 
from decomposition becomes increasingly greater. 

If the loss that occurs in reaching constant weight is plotted against the 
respective temperature for each isotherm of Figure 1, a moisture-tempera¬ 
ture curve such as that shown in Figure 3 results. The low temperature end 
of this curve is rather steep, the loss in weight being sensitive to slight dif- 
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Table 2. —Effect of drying potato starch (Sample 1) at 180*C. in 
mechanical convection oven 


TIM* 

LOSS IN WT. 

COLOR 

REfLBCTANC* 

AT 436 M [ft 

IODINI TBS* 

minutes 

Control 

per cent 

White 

per cent 

90.3 

—Colorless 

1 

0.78 

White 

90.2 

—Colorless 

4 

7.08 

White 

90.2 

— Colorless 

8 

13.57 

White 

89.9 

— Colorless 

12 

16.17 

White 

89.4 

— Colorless 

20 

16.67 

Very light brown 

87.4 

4-Faint green 

30 

16.67 

Light brown 

80.0 

4- Green 

Hours 

1 

16.69 

Brown 

69.5 

■f 4-Blue 

2 

16.66 

Brown 

61.2 

4" + Blue 

4 

16.71 

Brown 

51.4 

4- 4* Purple 

24 

17.51 

Dark brown 

9.7 

4” 4” 4* Red 

48 

18.89 

Dark brown 

5.8 

4- 4~ 4" 4-Red 


ferences in temperature. As the temperature increases, the curve flattens 
out, the loss in weight apparently becoming less sensitive to temperature 
variations. Then above a certain temperature, the curve again becomes 
steep, and smaller changes in temperature produce greater changes in 
weight. Thus, the curve is divided into two distinct portions, which can 



Fig. 2.—Reflectance of potato starch (sample 1) dried at 180°c. 

IN A MECHANICAL CONVECTION OVEN FOR VARIOUS PERIODS OF TIME. 
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be extended until they intersect, the intersection being apparently the 
maximum temperature for the flat portion of the curve. 

Any method for the determination of moisture based on the steep por¬ 
tion of the curves of Figure 1 or the upper portion of the curve of Figure 3 
is subject to considerable error produced by relatively small changes in 
tifaie (Figure 1) or in temperature (Figure 3). This may account for the 
inconclusive data reported in the literature for moisture content of potato 
starch, since most of the standard methods specify periods of time or 
temperatures that fall on the steep portions of the respective curves. 
Therefore, a more nearly reproducible method for the determination of 



Fig. 3 — Loan in weight of potato starch (sample 1) dried at various 

TEMPERATURES IN BRABENDER MOISTURE TESTER. 


moisture in potato starch would consist of the use of a temperature indi¬ 
cated on the flattest portion of the moisture-temperature curve and of a 
time sufficiently long to insure that constant weight has been reached. 
With the Brabender moisture tester the method would consist of heating 
at a temperature of 135°-T45°C. for 30-60 minutes or to constant weight. 
For Sample 1 this would give a moisture content of 16.43 per cent. 

Nelson and Hulett (7) suggested that the first portion of a similar curve 
be extrapolated to the critical temperature of water to obtain the true 
moisture content of the sample. When their data were plotted, an apparent 
straight line was obtained, which was interpreted to indicate that the in¬ 
crease in loss of moisture was directly proportional to the increase in dry¬ 
ing temperature. A critical study of their data, however, reveals that the 
slope at each point on the curve is not a constant, which excludes the pos- 
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sibility of a straight line. This is further proved by replotting their data 
on a larger scale, which results in a curve very similar to that in Figure 3. 
The extrapolation of a curve requires many more points and a much higher 
degree of accuracy than the extrapolation of a straight line. Since these 
conditions are experimentally unattainable under the present circum¬ 
stances, it does not seem possible to make this extrapolation. Furthermore, 
the flattening of the curve before the break suggests that little or no 
moisture remains in the sample. Hence, there seems to be no need to ex¬ 
trapolate, and the percentage indicated by the break has been taken as the 
moisture content. 

The cause of the greater loss in weight at temperatures higher than the 


Table 3.— Loss in weight of starch heated to constant weight at various 
temperatures in Brabender moisture tester 


TXMPXRATURX 


LOSS IK W1IOHT (%) 



POTATO STARCH 


RIOX STARCH 

BAMPLX 1 

BA HP LX 2 

SAHPLB 3 

°C. 





90 




7.95 

100 

16.00 



8.25 

110 


10.95 

6.25 

8.70 

120 

16.30 

11.35 

6.35 

9.55 

130 




9.55 

135 

16.40 

11.40 

6.45 


140 




9.60 

145 


11.45 

6.55 


150 

16.60 

11.50 

6.65 

9.75 

155 

16.70 




160 

16.85 

11.75 

6.90 

9.95 

170 

16.90 

11.90 

7.10 

10.10 


break is undetermined, but it may be decomposition or a more deep- 
seated dehydration of the starch molecule. Since the slope of the curve 
just above the break is steep and the curve below the break is nearly 
flat, it may be considered that the extent of decomposition or deep-seated 
dehydration at temperatures up to the break is negligible. 

That the temperature at which the break in the moisture-temperature 
curve occurs is unaffected by the initial moisture content was confirmed 
with two other samples of potato starch obtained from different sources 
and having different moisture contents. The results show that for potato 
starch the point at which the break occurs can be duplicated at 145°C. 
(±2°). These data are reported in Table 3 and illustrated graphically in 
Figures 4 and 5. As a check, a new aliquot of each of Samples 2 and 3 was 
dried to constant weight in the Brabender moisture tester at 145°C. The 
cross on Figures 4 and 5 represents the percentage loss for each aliquot. 
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Fig. 4. — Loss in weight of potato starch (sample 2) dried at various 

TEMPERATURES IN BRABENDER MOISTURE TESTER. 



Fig. 5.—Loss in weight of potato starch (sample 3) dried at various 

TEMPERATURES IN BRABENDER MOISTURE TESTER. 

These values check the loss in weight at the break within the reading ac¬ 
curacy of the instrument (± 0.05 per cent). If the type of starch is different, 
however, a new temperature range will be found. For example, a curve for 
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rice starch* results in a flat portion with a range of 120°-135°C. (Figure 6). 

Hence, there is proposed a method for the determination of moisture in 
potato starch that consists in drying the sample to constant weight in the 
Brabender moisture tester or some similar apparatus at a temperature 
range of 135°-145°C. 

Now that a basic method has been found that gives reproducible results 
in the determination of moisture in potato starch, it should be possible to 
employ any other method that will duplicate these moisture values within 



Fig. 6.— Loss in weight of rice starch dried at various 

TEMPERATURES IN BRABENDER MOISTURE TESTER. 


the limit of error of the specific procedure in question. Therefore, the fol¬ 
lowing experiments were planned and carried out to find which of the 
common methods fulfill these conditions. 

When starch was dried in a gravity-convection air oven at 100°C., the 
loss in weight after 24 hours of drying never quite reached the value ob¬ 
tained in the mechanical convection air oven at 100°C. Furthermore, the 
rate of drying in the mechanical convection oven was much more rapid 
than that in the gravity convection oven (Table 4). In neither case, how¬ 
ever, did the value reach that established by the basic procedure men¬ 
tioned above (see Figure 3). Table 4 also shows that vacuum-oven drying 
of starch under a pressure of approximately 5 mm. of mercury at 80°C. 
resulted in a moisture value in close agreement with that obtained by the 
basic method and that constant weights were reached after 22-24 hours. 


Supplied by G. E. Hilbert of the Northern Regional Research Laboratory, Peoria, Ill. 
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Table 4. —Loss in weight of potato starch (Sample 1) dried at various 
temperatures in ovens of different types 



AIR OVEN 

MECHANICAL 

CONVECTION OVEN 

VACUUM OVEN 
(PRESSURE CA. 5 MM.) 

CARTKR-SIMON 

OVEN 

TEMPERA TURK 









TIME 

LOSS 

IN WT. 

TIME 

LOSS 

IN WT. 

TIME 

LOSS 

IN WT. 

TIME 

LOBS 

IN WT. 

•c. 

hours 

per cent 

hourt 

per cent 

hours 

per cent 

minutes 

per cent 






( 1.5 

15.48 



80 





22 

16.35 








[24 

16.48 





1 

13.78 

1 

15.84 

1 

16.47 



100 

4 

2 

15.20 

2 

15.98 

5 

16.56 




3 

15 60 

22 

15.92 

24 

16.58 





(24 

15.61 

67 

16.07 

! 






1 

f 2 

16.39 

1 

16.43 



15 

14.66 

135 

< 

5 

16.58 

12 

I 16.53 



30 

i 16.24 


[22 

16.58 





60 

16.24 



i 

16.66 

i 

16.44 


i 

10 

13.86 

150 


1 

16.66 

i 

16.60 



15 

16.47 


2 

16.65 

1 

16.71 



20 

16.52 



[ 3 

16.77 

3 

16.65 



30 

16 52 




minutes 










[ 1 

0.78 









4 

7.08 









8 

13.57 









12 

16.17 


i 







20 

16.67 





180 




j hours 

i 

16.67 









1 

16.69 









2 

16.66 









4 

16.71 









24 

17.51 









148 

18.89 






Vacuum drying at 100°C. gave a slightly higher value, but the weights 
were constant after 5 hours. Drying at 100°C. by any of the other methods 
gave lower values. At 135°C. the air-drying methods used, with the excep¬ 
tion of the Carter-Simon, gave results comparable with those of the pro¬ 
posed method. 

On heating the starch to constant weight at higher temperatures (150°C. 
and above), the loss in weight was greater than that caused by loss of 
moisture. Quick approximations of the moisture content can be made, 
however, by heating at one of these high temperatures for a length of time 
that will give a loss in weight comparable to the moisture content estab- 
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Table 5 .—Moisture in potato starch (Sample 1) determined by distillation 
with various immiscible solvents 


SOLVENT 

BOIL1NO POINT 

HiO 


# C. 

per cent 

Carbon tetrachloride 

76 

15.50 

Toluene 

110-111 

16.20 

Xylene 

137-140 

16.83 

Tetrachloroethane 

146 

16.40 


lished by the basic method. Heating must be stopped at the expiration of 
this specific time, since the time selected would fall on the steep portion of 
a curve similar to those in Figure 1. For example, when samples were 
heated at 150°C. in the mechanical-convection air oven for 15 minutes, 
values approximating the accepted ones for moisture were obtained. This 
principle is also utilized by the Carter-Simon moisture tester, which is 
operated at 155°C. for 15 minutes (the time and temperature recom¬ 
mended by the manufacturer for drying starch). When the same time and 
temperature were used with the Carter-Simon moisture tester the results 
agreed with the moisture content established by the basic method (Table 
4). It must be kept in mind, however, that rapid drying at higher tempera¬ 
tures gives only approximate values. 

Table 6.— Summary of loss in weight ( percent) of potato starch (Sample 1) dried to 
constant weight at various temperatures * by different methods 


TYPE or OVEN 


TEMPERATURE 

MECHANICAL 

BRABENDER 

CONVECTION 

LOSS IN WT. 

LOSS IN WT. 

CARTER-SIMON 

LOSS IN WT. 

AIR DISTILLATION VACUUM 

LOSS IN WT. LOSS IN WT. LOSS IN WT. 

°C. 




76 



15.50 

80 



16.48 

100 

16.00 16.00 


15.61 16.57 

110 



16.20 

120 

16.30 



135 

16.40 16.53 

16.24 

16.58 | 

137 



16.33 

146 



| 16.40 

150 

16.55 | 16.65 


16.66 

155 

16.70 

16.52 


160 

16.85 



170 

16.95 



180 

16.68 




* Areas enclosed indicate the temperature range that may be used for determining the moisture content 
of potato starch by any given drying method. 
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Distillation methods for the determination of moisture gave results of 
the same order as those given by the oven-drying methods (Table 5). 
Generally, as the temperature of distillation was raised, the volume of 
water distilled from the sample increased. Because of their low boiling 
points, 76° and about 110°C., carbon tetrachloride and toluene gave re¬ 
sults that were too low, as indicated by the steep part of the lower portion 
of the curve in Figure 3. Xylene and tetrachloroethane, whose boiling 
points would fall on the flat portion of the curve in Figure 3, gave per¬ 
centages of moisture in agreement with those of the basic method. 


Table 7. —Moisture in potato starch (Sample 1) determined by 
Karl Fischer reagent 


RUN NO. 

HiO 


per cent 

1 

16.14 

2 

16.01 

3 

16.17 

4 

16.04 

5 

16.00 

6 

16.08 

7 

16.00 

Average 

16.06 


Owing to the low specific gravity of xylene, starch settles out when this 
solvent is used, and care should be taken to prevent charring on the 
bottom of the flask. In this experiment charring was avoided by slow dis¬ 
tillation and intermittent shaking of the distilling flask. With tetrachloro¬ 
ethane, the distillation could be carried out more rapidly, since the starch 
floated on the surface of the liquid. 

Table 6 gives a summary of the percentage losses in weight of potato 
starch dried to constant weight by different methods of various tempera¬ 
tures. The moisture values by the basic method and close approximations 
to it by other methods are indicated by enclosing lines. 

The percentage of moisture in Sample 1, potato starch, determined by 
the Karl Fischer reagent is 16.06 per cent (Table 7), which is considerably 
lower than that obtained by the basic method (16.43 per cent), but higher 
than the values obtained by gravity-convection air oven drying at 1()0°C. 
(15.60 per cent). 

Most of the data reported in the literature for the determination of 
moisture by the Karl Fischer reagent were compared with results obtained 
by drying in gravity-convection air ovens at approximately the boiling 
point of water (100°C.). They show, almost without exception, that the 
chemical method gives higher results. The conclusion drawm was that re¬ 
covery of moisture by the chemical method is more nearly complete than 
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is recovery by oven-drying methods at or around the temperature of boil¬ 
ing water (6). However, if the results by the chemical method were com¬ 
pared with those obtained by oven drying in the range 135°-145°C., the 
recovery of moisture would be found to be less complete by the chemical 
method than by the oven-drying methods. 

SUMMARY 

The effects of time and temperature on the loss in weight of potato 
starch by oven drying have been studied. From this study the conditions 
of drying that give the most nearly reproducible values for moisture con¬ 
tent have been determined. By use of a Brabender moisture tester it was 
established that heating to constant weight at temperatures in the range 
of 135°-145°C. gives reproducible values. By using this basic procedure, it 
was found possible to modify several of the commonly used methods and 
obtain values in agreement with results established by the basic method. 
These methods have been found to be applicable to the determination of 
moisture in various agricultural products such as leafy vegetables and 
certain natural rubber-bearing plants, but experience indicates that the 
optimum conditions of time and temperature must be determined for each 
particular material. 
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PERSISTENCE OF MONOCHLORACETIC ACID IN FRUIT 
JUICES AND CARBONATED BEVERAGES 

By John B. Wilson (Food Division,* Food and Drug Administration, 
Federal Security Agency, Washington, D. C.) 

Since it has been claimed that when monochloracetic acid is added as a 
preservative to fruit juices and carbonated beverages the acid hydrolyzes 
and disappears as such within a short time, several experiments were 
conducted to establish whether or not hydrolysis does occur, and if so to 
what extent. 

Creme Soda and Carbonated Orange Beverage were selected as repre¬ 
senting two distinct types of carbonated beverages. 

The Creme Soda Flavor was prepared using the formula given below. 

0.24 gram vanillin 
0.10 gram coumarin 
0.1 ml. geraniol 
5 ml. lemon extract 

33 ml. alcohol to dissolve the above ingredients. 

One gram of caramel flakes was dissolved in 40 ml. of water and mixed 
gradually with the alcoholic solution of the flavoring ingredients. Water 
was then added to complete a volume of 100 ml. 

The Creme Soda Sirup was prepared by dissolving 18 lbs. of sugar in 
1 gallon, 60 fl. ozs. of water, and adding 3 fl. ozs. of Creme Soda Flavor 
and 45 ml. of citric acid solution (100 grams in 200 ml. of solution). 

The Orange Beverage Flavor was made using the formula given below. 

6 grams gum arabic 18 grams glycerol 

75 grams sugar 0.6 ml. sesquiterpeneless oil 

3 ml. orange oil 100 ml. water 

The ingredients were placed in a large beaker and mixed by hand with a 
stirring rod and finally with a power stirrer until homogeneous; 3 grams of 
tartrazine and 3 grams of ponceau were added as the stirring continued. 
The mixture was then poured into a 200 ml. volumetric flask, which w r as 
filled to the mark with water, and mixed thoroughly. 

The Orange Beverage Sirup was then prepared as follows: 

6.9 liter burred and strained orange juice 18.9 lbs. sugar 

190 ml. Orange Soda Flavor 90 ml. citric acid solution 

(100 g. in 200 ml. of solution) 

The whole was mixed thoroughly in a 5-gallon bottle. Each batch of sirup 
was divided into the required number of portions, the volume of each 
portion being governed by the number of bottles of beverage to be made, 
and monochloracetic acid solution was added to give the desired concentra¬ 
tion in the finished beverage. The sirups were then measured with gradu- 


• W r . B. White, Chief. 
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ated cylinders into soda bottles, which were closed with cotton plugs, kept 
at 40°F. overnight, and put through the bottling machine the next morning 
at a commercial plant. 

From the above formulas it was calculated that the beverages had a 
composition similar to the average soda of the type in question, as judged 
from Table 3, Sugar Contents Found in Carbonated Beverages, “A. B. C. 
B. Plant Operation Manual of Maintaining Quality and Uniformity” 
(page 7). The cream sodas contain about 11.2 per cent of solids and about 
1 grain of citric acid per bottle. The orange beverages contain about 13.3 
per cent solids, about 2 grains of acid, and about 10.2 per cent of orange 
juice. 

The pressure was measured on occasional bottles of the beverages and 
found to average 2 volumes of gas for the cream soda and 1.8 volumes for 

Table 1 . —Monochloracetic acid in stored carbonated beverages 

GRAMS MONOCHLORACETIC ACID/100 ML BEVERAGE 


BEVERAGE CREME SODA CARBONATED ORANGE BEVERAGE 


CODE 

ADDED ACID 

STORAGE 

B 

0.0010 

H 

0 026 

S 

0 200 

BO 

0 0010 

no 

0 026 

SO 

0 263 

days 

2 

0.0004 

0.026 

0.248 

0.0006 

0.025 

0.255 

7 

0.0010 

0.025 

0.244 

0.0011 

0.025 

0.248 

20 

0.0004 

0.026 

0.250 

0.0009 

0.026 

0.251 

56 

0.0011 

0.025 

0.250 

0.0009 

0.025 

0 249 

114 

0.0005 

0.026 

0.248 

0.0009 

0.025 

0.250 

267 

0.0006 

0.024 

0.236 

0.0009 

0.024 

0.240 

380 

0.0009 

0.026 

0.236 

0.001 

0.024 

0.239 

580 

0.0010 

0.026 

0.244 

0.0010 

0.025 

0.229 


the orange beverage, which were slightly lower than the averages found 
by the A. B. C. B., viz. 2.8 and 2.3 volumes of C0 2 , respectively. 

The beverages were stored in the laboratory at room temperature. They 
were unprotected from the heat of the summer and were placed in such a 
position as to be exposed to sunlight on various occasions. Samples were 
opened after the periods of storage indicated in Table 1 and analyzed for 
monochloracetic acid. Beverages H, HO, S, and SO were analyzed by 
Method I given below, using 100 ml. of sample in the case of H and HO, 
and 25 ml. in the case of S and SO. 

In the case of beverages coded B and BO (Table 1) the amount of mono¬ 
chloracetic acid was so small that only about 0.2 ml. of silver nitrate solu¬ 
tion would have been used up by 100 ml. of sample. Therefore, in the in¬ 
terest of greater accuracy, 150 ml. of sample was extracted, and weaker 
solutions were used as described in Method II. 

The data in Table 1 show that there is little if any loss of added mono- 
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Table 2. —Monochloracetic acid in stored bottled apple juice 


■XONOCHLORACCT1C iCID (ORAIIS/100 ML. JCICl) 


PERIOD or STORAGE 

ADDED 

PASTEURIZED 

POUND 

UNPASTKURIZED 

days 




81 

0.010 

0.009 

0.010 

215 

0.010 

0.009 


227 

0.010 


0.010 




0.010 




0.009 

392 


0.010 

0.010 




0.010 

81 

0.031 

0.026 

0.027 

212 

0.031 


0.029 


0.031 


0 029 

215 

0.031 

0.027 


224 

0.031 


0.028 




0.029 

392 


0.027 

0.028 

81 

0.052 

0.049 

0 048 

215 

0 052 

0.048 


222 

0 052 


0.048 


0.052 


0.048 

224 

0.052 


0.048 




0.048 

392 


0.047 

0.047 

248 

0.104 


0.091 

250 



0.091 

392 



0.096 




0.089 

- 



0.095 




0.092 


chloracetic acid in carbonated beverages stored for periods exceeding a 
year and a half. 

Packs of apple juice were prepared in which both pasteurized and un¬ 
pasteurized juices were treated with monochloracetic acid at several levels 
and analyzed after extended storage by Method I, using 100 ml. of sample 
for each determination. In the case of the pasteurized juice the proper 
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quantities of monochloracetic acid solution were measured with a pipet 
into bottles as they left the warming machine, after which they were filled 
with hot juice and capped in the usual manner. In the case of the unpas¬ 
teurized juice the monochloracetic acid solution was mixed with juice from 
the pressing machine in a large container and filled by hand into the 
bottles. The determinations of monochloracetic acid are given in Table 2. 

The data in Table 2 show little, if any, loss of monochloracetic acid in 
bottled apple juice stored for over a year at room temperature. 

In preparing the pack of orange juice, the desired quantity of mono¬ 
chloracetic acid solution was measured into a 5-gallon bottle, and several 
gallons of freshly pressed orange juice were added and mixed. The juice 
was then filled into 10 fluid ounce cans and sealed without processing. The 
cans of orange juice containing 0.010 gram of monochloracetic acid per 
100 ml. “blew up” before the first analysis was made. Those containing 
other levels of monochloracetic acid were analyzed on three occasions. 
The cans were stored at about 40°F. The results are given in Table 3. 

Table 3 .—Monochloracetic acid in stored canned orange juice 


MONOCHLORACETIC ACID (ORAM8/100 ML JUICE) 


day9 

0.010 

Lost 

70 

0.030 

0.027 

220 

0.030 

0.029 

384 

0.030 

0.029 

70 

0.050 

0.047 

220 

0.050 

0.047 

384 

0.050 

0.045 

70 

0.100 

0.088 

220 

0.100 

0.094 

384 

0.100 

0.092 


These data show that no loss occurs in the monochloracetic acid con¬ 
tent of canned orange juice on storage for over a year. 

An additional storage experiment was carried out on commercial orange 
juice and grapefruit juice containing monochloracetic acid. These packs 
were produced by a manufacturer experimenting with monochloracetic 
acid as a preservative. The quantity of monochloracetic acid added by the 
manufacturer is not known, but the product was analyzed soon after 
receipt and again after three intervals of storage at about 40°F. The 
sweetened juices were from the same batch as the unsweetened, with dex¬ 
trose added so as to raise the orange juice from 9° to 14° Brix and the 
grapefruit juice from 8.6° to 12.5° Brix. The results of analysis are given 
in Table 4. 
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Table 4. —Monochloracetic acid in stored canned citrus juices 


FRUIT JUICE MONOCHLORACETIC ACID (GRAMB/100 ML. JUICE) 

ORANOB GRAPEFRUIT 


CAN 

STORAGE 

SWEETENED 

UNSWEETENED 

SWEETENED 

UNSWEETENED 

A 

months 

1 (about) 

0.037 

0.039 

0.070 

0.074 

B 


0 037 

0.040 

0.070 

0.074 

C 

13 

0.036 

0.038 

0.067 

0 067 

D 


0.035 

0.038 

0 068 

0.074 

E 

22 

0.036 

0.038 

0.071 

0.074 

F 

30 

0.037 

0 036 

0.072 

0.071 

G 


0.036 

0.035 

0.071 

0.071 


The results in Table 4 show that there is no essential change in the 
monochloracetic acid content even after about two and one-half years of 
storage. 

The methods of analysis used were based on the work reported by the 
writer in a former publication 1 and are given below. 

I. DETERMINATION OF MONOCHLORACETIC ACID 

(Applicable to carbonated beverages and fruit juices containing 
5-150 mg CH a Cl COOH in 150 ml.) 

APPARATUS 

Continuous extractor . 2 —Make the outer part 45 cm. long from 43 mm. tubing 
with side tube issuing 25 cm. above the bottom, and fitted with standard taper, drip 
tip, joint 24/40. Make the inner tube 40 cm. long from 12 mm. tubing. Use a 250 ml. 
conical flask with suitable joint to hold the overflowing ether extract. 

REAGENTS 

Silver nitrate solution .—(1 ml. = ±5 mg C1I 2 C1 COOH ) Dissolve 9 grams of 
AgN0 3 in water and dilute to 1 liter. 

Ammonium sulfoct/anate solution. —(1 ml. = ±5 mg. CH 2 C1 COOH.) Dissolve 
4.03 grams of N1I 4 CNS in water and dilute to 1 liter. Standardize against pure NaCl 
solution, 3.093 grams per liter, which contains 1.8762 grams of Cl (equivalent to 5 
grams of monochloracetic acid, which contains 1.8764 grams of Cl). 

Ferric indicator. —A saturated solution of ferric ammonium alum. 

DETERMINATION 

In the outer part of the continuous extractor, place such a quantity (not over 
150 ml.) of carbonated beverage, apple juice, grapefruit or orange juice as contains 
5-100 mg. of CII 2 C1 COOII. Dilute if necessary to 150 ml., add 3-5 ml. of H 2 S0 4 , 
mix, and extract with ether 2-3 hours. Tilt the extractor in such a way as to drain 
as much as possible of the ether into the flask; disconnect the flask, add 25 ml. 


1 This Journal , 25, 145 (1942). 

a Methods of Analysis, A.O.A.C., 1940. Fig. 57-B, p 594. 
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1 N NaOH in excess of that required to make the water layer alkaline to litmus pa¬ 
per after shaking, shake, and evaporate the ether on the steam bath until only about 
25 ml. of liquid remains, hastening the process by passing a current of air into the 
mouth of the flask. Digest on the steam bath for 2 hours or boil under a reflux 
condenser for $ hour. Add 50 ml. of water, 15 ml. of HNO», and a known volume of 
the AgNO s solution, in excess. Shake f-1 minute, add the ferric indicator, and titrate 
the excess Ag with the NH 4 CNS solution. In the same way, titrate a quantity of 
AgNOi solution equal to that added to the sample. The difference between the two 
titrations is a measure of the CH*C1 COOH. 

H. DETERMINATION OF MONOCHLORACETIC ACID 

(Applicable to carbonated beverages and fruit juices containing 
from 1 to 10 mg. CH*C1 COOH in 150 ml.) 

REAGENTS 

Dilute silver nitrate solution .—Pipet 20 ml. of the AgNO* solution (lml. — ±5 
mg. CH 2 C1 COOH) into a 100 ml. volumetric flask and fill to the mark with water. 

Dilute sulfocyanate solution .—Pipet 20 ml. of the NH 4 CNS solution (1 ml. 
»* ±5 mg. CH a Cl COOH) into a 100 ml. volumetric flask and fill to the mark with 
water. Standardize the dilute sulfocyanate solution against some of the NaCl solu¬ 
tion diluted 20 ml. to 100 ml. to obtain the exact strength of the sulfocyanate solu¬ 
tion. 

DETERMINATION 

Extract and hydrolyze the monochloracetic acid as directed for samples con¬ 
taining more than 5 mg. per 150 ml.; add 50 ml. water, 15-20 ml. of HNO a and 1 ml. 
of the ferric indicator. At the same time prepare a blank containing 75 ml. water, 
15 ml. HN0 3i and 1 ml. of the ferric indicator. To each add 5 ml. of the dilute AgNOj 
solution and mix thoroughly. To the blank add 4 ml. of the dilute sulfocyanate solu¬ 
tion, and to the determination gradually add small quantities of the same solution 
until the pink color fades slowly on mixing. Shake both solutions and filter. Add 
about 50 ml. of water to each flask when empty and pour into the respective filter 
when it is empty. When all the wash water has passed through, complete the titra¬ 
tions, matching the color of the determination to that of the blank. In this case each 
ml. difference in titration « ± 1 mg. CH 2 C1 COOH. 

CONCLUSIONS 

Little, if any, loss of monochloracetic acid was found to occur: 

(1) When fruit-type and non-fruit-type carbonated beverages contain¬ 
ing this preservative were stored over a period of 19 months. 

(2) When pasteurized or unpasteurized apple juice containing added 
monochloracetic acid was bottled and stored for 13 months. 

(3) When canned orange juice and grapefruit juice containing mono¬ 
chloracetic acid were stored for 30 months. 



WILSON: PEEL OIL IN CITRUS JUICES 


201 


1944 } 


DETERMINATION OF PEEL OIL IN CITRUS JUICES 

By John B. Wilson (Food Division*, Food and Drug Administration, 
Federal Security Agency, Washington, D. C.) 

In February, 1941, W. C. Scott of the Fruit and Vegetable Products 
Laboratory, Weslaco, Texas, published a paper on “Determination of 
Peel Oil in Grapefruit Juice.” 1 He recommended the steam distillation of 
3 liters of grapefruit juice, using as a receiver a Bromwell fusel oil separa¬ 
tory funnel, or as an alternate, a Wilson receiving flask 2 . The method is 
described in “United States Standards for Grades of Canned Grapefruit 
Juice,” effective December 15, 1941, of the U. S. Marketing Service. That 
agency uses the Wilson flask as a receiver. 

Some manufacturers use an oil separatory trap for oils lighter than 
water. 3 As an economy measure they have also cut down the volume of the 
sample to 1 liter or even less. Several control chemists have designed ap¬ 
paratus for their own use in determining peel oil in citrus juices. 

The writer has used both the steam distillation procedure, which in¬ 
volves measurement of the oil in a Wilson flask, and the refluxing pro¬ 
cedure, in which the oil is measured by means of the oil separatory trap. 
Commercially manufactured specimens of these two types of apparatus 
have dimensions which give greater accuracy of measurement to the Wil¬ 
son flask, since the 0.1 ml. graduations are 3.6 mm. apart, while in the oil 
separatory trap they are 1.7 mm. apart. In the latter apparatus quantities 
of oil in excess of 0.5 ml. tend to separate into two or more portions, one 
or more of which frequently move down the tube and find their way back 
to the boiling flask. If the distillation is stopped when this occurs the 
reading will be in error. The tendency to separate increases when the diam¬ 
eter of the graduated portion of the tube is lessened in the interest of 
greater accuracy of reading. 

The writer has remodeled the oil separatory trap (see Figure 1) in a 
manner which overcomes the several objections given above to make it 
more suitable for the accurate determination of peel oil in citrus juices. 
The salient features of the new model are: (1) the graduated portion of the 
tube consists of a 2 ml. section of a 5 ml. Mohr pipet, in which the 
spaces occupied by each 0.1 ml. of liquid average 4 mm.; (2) the reflux is 
arranged so that it does not drip directly upon the oil in the tube but falls 
upon an incline, whence it runs into the graduated portion of the tube; 
and (3) a bulb is blown immediately below the graduated portion of the 
tube. The length of the space between graduations increases the accuracy 
of the reading. The displacement of the drip from the reflux largely pre- 


* W. B. White, Chief. 

1 This Journal, 24, 165 (1043). 

» Methodt of Analysis, A.O.A.C ., 1040, 331. 

• Ibid., 471. 
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vents breaking up the column of oil, while the bulb below the graduated 
part prevents the return to the flask of any portion of the oil which may 
be forced below the graduations. It is always possible to juggle the oil 



back within the graduation by tilting the trap after disconnecting it from 
the boiling flask. 

When the Wilson receiving flask is used the sample consists of 3 liters 
of citrus fruit juice, which is steam distilled in an apparatus similar to 
that used for the steam distillation method for lemon, orange, and lime 
oil in vegetable or mineral oils, 2 except that a 5 or 6 liter distilling flask 
with suitable fittings and a receiving flask of 5 ml. capacity are required. 
A suitable quantity of distillate has been found to be 200 ml. 
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When the modified oil distillation trap is used, the sample may consist 
of as little as 1 liter of citrus fruit juice placed in a 2 liter boiling flask, to 
which the trap is attached after being filled as far as possible with distilled 
water. A reflux condenser is then attached to the trap. Boiling for 30 to 45 
minutes was found to be suitable for the determination. 

When orange oil in synthetic solutions was determined by the steam 
distillation method, a larger percentage of oil was obtained when a 3 liter 
sample was used than when a 1 liter sample was used. Table 1 contains 
results obtained when these two quantities of sample were steam distilled. 

Table 1 . —Recovery of orange oil by the steam distillation method 


OIL ADDED 

SAMPLE USED 


OIL POUND 

3 LITERS 


1 LITER 

3 per cent 

per cent 

lot « (ml.) 

per cent 

lose (ml.) 

0.100 

0.095 

0.05 

0.090 

0.10 


0.092 

0.08 



0.067 

0.058 

0.09 

0.055 

0.12 




0.053 

0.07 

0.050 

0.045 

0.05 

0 040 

0.10 




0.045 

0.05 

0.040 

0.038 

0.02 

0.033 

0.05 




0.029 

0.11 

0.035 

0.033 

0.02 

0.030 

0 05 

0.030 

0.027 

0.03 

0.025 

0.05 




0.022 

0.08 

Av. loss (ml.) 


0.05 


0.08 

Av. loss (% oil) 


0 0017 


0.008 


The data in Table 1 show that losses are often greater with the smaller 
sample. For greatest accuracy, therefore, a method for recoverable oil 

Table 2. —Recovery of citrus oil by modified oil distillation trap 


ADDED 





FOUND 


-- 



ORANGE OIL 

GRAPEFRUIT OIL J 

LEMON OIL 


per cent 

per cent 

lots (ml.) 

Cor * 

per cent 

loss (ml.) 

Cor.* 

per cent 

loss (ml.) 

Cor* 

0.100 

0.090 

0.10 

0.095 

0 090 

0.10 

0.097 

0.090 

0.10 

0.095 

0.075 

0.069 

0.06 

0 074 

0.067 

0.08 

0.074 

0.068 

0.07 

0.073 

0.060 

0.055 

0.05 

0.060 

0.049 

0.11 

0.056 

0 050 

0.10 

0.055 

0.050 

0.046 

0.04 

0.051 

0.042 

0.08 

0.049 

0.044 

0.06 

0.049 

0.040 

0.035 

0.05 

0.040 

0.032 

0.03 

0.039 

0.035 

0.05 

0.040 

0.030 

0.027 

0.03 

0.032 

0.025 

0.05 

0.032 

0.027 

0.03 

0.032 

0.025 

0.022 

0.03 

0.027 

0.020 

0.05 

0.027 

0.020 

0.05 

0.025 

0.020 

0.015 

0.05 

0.020 

0.013 

0.07 

0.020 

0 018 

0.02 

0.023 

0.015 

0.012 

0.03 

0.017 

0.010 

0.05 

0.017 

0.012 

0.03 

0.017 

0.010 

0.005 

0.05 

0.010 

0.005 

0.05 

0.012 

0.008 

0.02 

0.013 

Av. l 088 


0.05 



0.07 



0.05 



• Corrected for average loss. 
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should specify the volume of sample to be used, and analysts should ad¬ 
here to the quantity of sample specified. 

A series of determinations of citrus oils in synthetic solutions was made 
using the modified oil distillation trap. The sample consisted of 1 liter of 
distilled water to which had been added quantities of orange, grapefruit, 
and lemon oils which cover the spread likely to be found in fruit juices. 
These results are given in Table 2. 

The data in Table 2 indicate that when the recovered quantity of oil is 
corrected by adding the average loss for the particular kind of oil, 23 of 
30 results are within 0.002 per cent of the percentage of added essential 
oil. Of the remaining seven determinations, three contained 0.1 per cent of 
oil, which is so high as to be seldom if ever met with in commercial fruit 
juices. 

SUMMARY 

A modified apparatus for the determination of peel oil in citrus fruit 
juices is presented, having the following advantages: 

(1) Accurate results are possible with a 1 liter sample. 

(2) Constant attention is not required during the determination. 

(3) The distilled oil remains segregated and is not broken up into drop¬ 
lets during the determination, and thus results can be read off at once 
after its completion. 

Data on peel oil recovery are presented using this apparatus. 

Results obtained by steam distilling 3 liter and 1 liter sample are com¬ 
pared. 


DETECTION OF DECOMPOSITION IN LIQUID, 
FROZEN, AND DRIED EGGS* 

By Henry A. Lepper, M. T. Bartram and Fred Hillig 
(U. S. Food and Drug Administration, Washington, D.C.f) 

One of the most valuable foods nutritionally, the highly prized egg, 
was among the first to be chosen for shipment to the Allied nations in the 
current war. Its fragility and perishability destined its shipment in shell 
form to failure at the outset, and frozen eggs offered little advantage over 
shell eggs because of the lack of sufficient refrigerated cargo space. The 
choice of drying as the process of preparation was therefore inevitable as 
best suited to meet the situation. The resultant saving of shipping space 
was an important factor. 

During 1942 purchases by the Government exceeded two hundred 
million pounds of dried whole eggs, although previously production of 


* Presented at the 58th Annual Meeting of the Association of Official Agricultural Chemists, held at 
Washington, D. C., October 27, 1943. 

t Contribution from the Food Division, W. B. White, Chief; Division of Bacteriology, A. C. Hunter, 
Chief. 
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this commodity in the United States had been negligible. This rapid 
expansion of the industry was accomplished by enlargement of existing 
facilities, conversion of dried milk plants, and construction of new equip¬ 
ment. In many instances manufacturers entered the field with little or 
no knowledge of the fundamental requirements for the production of an 
acceptable, wholesome product, and many of them also lacked the neces¬ 
sary equipment. The preparation of liquid eggs for drying is the same as 
for freezing. Additional refrigeration is necessary to preserve the ac¬ 
cumulating liquid eggs while they are being held for drying, and members 
of the egg trade who added the production of dried egg to their operations 
often did not have such refrigeration facilities. Among these newcomers 
there were unfortunately a few who were attracted only by the promise 
of substantial profit, but who seemed totally indifferent to their obliga¬ 
tion to produce an acceptable article of food. It is therefore not surprising 
that dried whole eggs which were unacceptable under Government pur¬ 
chase specifications were delivered. Since the purchasing agency had no 
authority over the disposition of the rejected lots, it was possible for the 
trade to mix them with good eggs and resubmit them to the Government. 
They might also be diverted to civilian channels for use in manufactured 
foods. That food manufacturers accepted such eggs during a period of 
acute scarcity, especially when they could be concealed in manufactured 
foods, was not surprising. Lack of experience with authentic samples 
prepared from good eggs and decomposed eggs handicapped analytical 
interpretations, and furthermore the earlier methods employed to estab¬ 
lish decomposition in dried eggs (e.g. the acidity of ether extract) were 
found to be inadequate. The regulatory food official was thus confronted 
with a serious problem in law enforcement. Accordingly an investigation 
was undertaken to obtain fundamental data applicable to its solution. 

PREPARATION OF AUTHENTIC BATCHES OF DRIED EGGS 

Through the cooperation of an establishment in Chicago the usual com¬ 
mercial equipment for breaking-out various grades and types of eggs was 
made available. Shell eggs were chilled to 40°F., candled and segregated, 
individually broken, visually inspected and smelled. In each experiment 
sufficient liquid egg to produce about 25 pounds of dried egg was prepared 
within 30 minutes. After thorough mixing and chilling in a cold room to 
between 40° and 48°F., samples were drawn from the batch and sent to 
the Chicago laboratory of the Food and Drug Administration. Bacterio¬ 
logical and chemical analyses were begun within 30 minutes, and the 
temperature of the samples did not rise more than a few degrees. The odor 
of the liquid eggs was noted and recorded. Two samples of from two to 
three pounds each from each batch were placed in tin cans and frozen in a 
sharp freezer. The batches of liquid egg were then transported in closed 10 
gallon milk cans to a small, commercial continuous spray-type drier with a 
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capacity of 60 pounds of dried egg per hour. In no batch was there any 
change in odor during approximately the one hour between preparation 
and introduction into the drier. The temperature rise of the liquid egg dur¬ 
ing this interval did not exceed 2°F. The dried eggs were packed in 30 
pound tin cans of the type used for frozen eggs and shipped to Washing¬ 
ton, D. C. for taste test and analysis. The frozen-egg samples, after being 
held six months in the freezer, were packed in dry ice and shipped to 
Washington, D. C. They arrived in a hard-frozen condition and were so 
held until analyzed. The experimental batches consisted of three groups: 
(1) good eggs; (2) liquid eggs held unrefrigerated with delayed drying; 
and (3) eggs mixed with known amounts of inedible eggs. 

In the good egg group, twelve batches of liquid eggs were prepared. 
The eggs used were from current-receipt stocks of the plant at which the 
work was being done. During the candling, the eggs were segregated into 
two grades, one better than the other as judged by the size of the air cell 
and the mobility and visibility of the yolk. The selection was verified by 
the physical condition of the egg after breaking. Two batches of each 
grade were dried promptly after preparation. One batch of the better 
grade was held 22 hours and one of the lower grade 20 hours at 35°F. 
to test the effect of holding for about a day at low temperature. One 
batch of the lower grade was held six hours at 85°F. to note the effect of 
higher temperature over a relatively short holding period. The influence 
of freezing and thawing was tested on two batches from ungraded current 
receipts. The liquid eggs were frozen at — 5°F. in conventional 30 pound 
egg cans. After several days, one batch was allowed to stand at about 
70°F. for 24 hours, the other for 48 hours. At the end of 24 hours the for¬ 
mer can still contained considerable hard-frozen egg that had to be broken 
up before preparation of a liquid mix. At the end of 48 hours the other can 
still contained some unmelted egg. One batch prepared from edible eggs 
was heated to 510°F. during the drying, a temperature much higher than 
that employed by the industry, to determine what effect overheating or 
scorching might have on the constituents being studied. 

“Off” odor and flavor in eggs had often been attributed by members 
of the industry to the feed of the hens. To test this theory eggs from hens 
under controlled diets were obtained through the cooperation of the 
Bureau of Animal Industry of the United States Department of Agricul¬ 
ture. Hens in four groups of four pens each received a typical all-mash 
laying diet. One group was used as a control. To the diet of one group 
very large quantities of both fish oil and fish meal were added. Linseed 
and cottonseed meals, respectively, were included in the diet of the other 
two groups. Upon breaking-out no foreign odors were observed in any of 
the eggs from these feeding experiments. Several eggs in each lot were 
also tasted, and no foreign taste was noted. 

For the second group, that in which eggs were held in the liquid state 
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Table 1 . —Authentic egg hatches 


BAMPLS 


ODOR 

NO. 


LIQUID KOOS 


Group 1—Good Eggs 


Al 

Better grade current receipts 

None 

A2 

Better grade current receipts 

None 

A3 

Better grade current receipts held 22 hours at 35° F. 

None 

B1 

Lower grade current receipts 

None 

B2 

Lower grade current receipts 

None 

B3 

Lower grade current receipts held 20 hours at 35° F. 

None 

B4 

Lower grade current receipts held 6 hours at 85° F. 

Off* 

RF1 

Current receipts frozen and thawed for 24 hours at 70° F. 

None 

RF2 

Current receipts frozen and thawed for 48 hours at 70° F. 

None 

FI 

Eggs from hens fed regular diet (Control) 

None 

F2 

Eggs from hens fed with added fish meal and fish oil 

None 

F3 

Eggs from hens fed with added linseed meal 

None 

F4 

Eggs from hens fed with added cottonseed meal 

None 

RII 

Current receipt eggs overheated by drying at 510° F. 

None 


Group 2—Eggs Held at 85° F. 


B5 

Lower grade current receipts held 18 hours 

Sour 

R02 

Lower grade current receipts with 2.5% added odorless 



addled eggs held 22 hours 

Sour 

R03 

Lower grade current receipts with 5% added odorless 



addled eggs held 18 hours 

Sour 

RR2 

Lower grade current receipts with 2.5% mixed rots held 



23 hours 

Sour 

RR3 

Lower grade current receipts inoculated with mixed rots 

Sour 


* “Off" is applied to a detectable odor not definitely assignable to decomposition. 


unrefrigerated for a delayed period before drying, the lower grade of cur- 
rent-receipt eggs was used, and five batches were prepared. One batch 
consisted of good eggs. To the other four definitely inedible eggs were 
added before the holding period. One batch contained 2.5 per cent, an¬ 
other 5 per cent by weight of odorless addled eggs, and the third con¬ 
tained 2.5 per cent by weight of mixed rots. The term “odorless addled 
eggs” is here applied to eggs which on breaking show a ruptured yolk 
membrane with the yolk more or less dispersed into the white, but with 
no odor. Those having an abnormal odor were classed as mixed rots. 
Odorless addled eggs are often high in bacteria and doubtless would be¬ 
come mixed rots if left unbroken for a day or so longer. These added 
inedible eggs were collected from the available supplies during the selec¬ 
tion of the edible eggs used in the batches, and were added only after 
agreement among those engaged in t he preparation of the various batches 
as to their classification. The last batch was inoculated with mixed rots 
which had been rejected by the employees of the plant in the routine of 
production going on concurrently with these experiments. The prevailing 
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temperature of the atmosphere during the holding period was 85°F. 
No attempt was made to determine the effect of other temperatures as 
this temperature is within the range prevailing during most of the season 
when eggs are customarily broken-out in plants over the country. The 
time of holding was from 18 to 23 hours, and extended from the prepara¬ 
tion one day until the next morning when the mixture was sampled and 
sent to the drier. The periods were chosen for convenience and not to de¬ 
termine the length of exposure necessary to cause decomposition detecta¬ 
ble by odor in the liquid egg. In some instances a souring was evident in 
about six hours. A summary of the identity of the batches in the good and 


Table 2. —Authentic egg hatches 


SAMPLE 

NO. 

DESCRIPTION 

ODOR 

LIQUID BOOB 

ROl 

Group 3—Added Inedible Eggs 

Current receipt egg with 5% odorless addled eggs 

None 

RR1 

Current receipt egg with 5% mixed rots 

None 

RM 

Current receipt egg with 10% moldy 

Moldy 

RB 

Current receipt egg with 0.3% black rots 

Putrid 

RU 

Current receipt egg with 2% musty 

Musty 

BL 

Weak yolk and blood ring eggs 

None 


held egg groups together with the odor of the liquid egg is given in 
Table 1. 

The third group of batches was prepared under conditions simulating 
manufacturing practices so careless as to include inedible eggs. In such 
batches the amounts of inedible eggs indicated in Table 2 were added to 
current-receipt eggs and all were promptly dried. 

The odorless addled and the mixed-rot eggs have been described. The 
moldy eggs had mold growing within the egg, often traceable to a crack 
in the shell. Usually they had a moldy odor. The black rots were of the 
type well known under this name in the trade. Such eggs are in an ad¬ 
vanced state of decomposition and are readily recognized on candling by 
their gray or black color. They have a striking, putrid odor. Only in ex¬ 
ceptional cases would they find their way into commercial egg products. 
The musty eggs were those having a pronounced musty odor although 
their appearance was that of a sound egg when broken from the shell. 
This musty condition has been shown to be due to the development of 
either of two species of the genus pseudomonas (1), which sometimes 
causes the white to become cloudy and greenish. Musty eggs are regarded 
by the trade as inedible and unfit for use even before the development of 
visual changes in the white. Even one musty egg may be sufficient to im¬ 
part characteristic odor to a large batch of liquid egg and the industry 
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is particularly anxious to keep them out. Another batch consisted of weak- 
yolk eggs with a small number having blood rings. Weak-yolk eggs have 
a very tremulous yolk, which often ruptures when the contents of the 
shell are dropped into the breaking cup. They have no odor. Blood rings 
are eggs having an enlarged germinal spot surrounded by a complete or 
partial ring of blood. Such eggs are universally regarded as inedible. 

METHODS OF ANALYSIS 

The methods chosen for the examination of the liquid eggs at Chicago 
and later of the dried and frozen eggs at Washington were those which 
showed promise in the light of previous experience or literature articles. 
The bacteriological examinations consisted of a count of viable bacteria, 
total bacteria by means of microscopic count, and a determination of 
members of the coliform group. The viable and coliform bacteria were 
determined by the methods adopted by the A.O.A.C. (2). The nutrient 
agar plates w r ere counted after 72 hours incubation at 32°C. The micro¬ 
scopic count was made by the method of the American Public Health 
Association (3), modified for dried eggs by the use of a 2 sq. cm. area in¬ 
stead of 1 sq. cm., and for liquid and frozen eggs by spreading 0.01 ml. 
of the undiluted material over areas of 1 and 2 sq. cm., respectively. 

Numerous chemical methods of examination have been proposed from 
time to time for demonstrating decomposition in eggs. Acidity of ether 
extract has been so used. An official method and a rapid tentative method 
have been adopted for this determination by the A.O.A.C. (4). A tenta¬ 
tive method for ammonia nitrogen in liquid eggs has also been adopted 
(5). The influence of decomposition on the partition of phosphates into 
the organic and inorganic forms has initiated methods for the determina¬ 
tion of phosphate in eggs (6) (7) (8). None of the proposed phosphate 
methods has been recognized by adoption by the Association. A new 
“decomposition quotient” based on the ratio of phosphate insoluble in 
isopropyl alcohol to that soluble in aqueous alcohol solution has been 
suggested as valuable in demonstrating cheesy decomposition in eggs (9). 
Accurate methods for the determination of volatile acids have been pro¬ 
posed (10) and developed (11). They have already been found of value 
in confirming decomposition in fish products (12) (13) (14). A preliminary 
report (15) has also indicated their value with eggs. A method for lactic 
acid has been developed and applied to dairy (10) (17), tomato (18), and 
fruit (19) products. Perhaps because of the ease of determination the 
sugar content of eggs has been given attention in a number of investiga¬ 
tions on decomposition. 

The following chemical determinations were made on the samples of 
the liquid, frozen, and dried eggs: Acidity of ether extract by the rapid 
method; volatile-base nitrogen by a revised procedure (in lieu of the 
ammonia nitrogen method); decomposition quotient; volatile and lactic 
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acids (by the methods given below); reducing sugars by the A.O.A.C. 
method (20); total solids; and pH. The frozen eggs were examined by the 
°‘drill and smell” test just before analysis. At the time of analysis of the 
dried eggs taste tests were made on 10 gram samples as follows: The 
samples were mixed with three times their weight of water and the mix¬ 
ture, continuously stirred, was heated by immersion of the container in 
gently boiling water until the egg coagulated. The scrambled egg was 
then tasted. As will be shown later the methods for volatile and lactic 
acids were found to be extremely useful. The details of these methods as 
adapted to eggs follow: 

LACTIC ACID IN EGG PRODUCTS 
PREPARATION OP SAMPLE 

Liquid or Frozen Eggs. —Transfer 20 grams to a tared 200 ml. Erlenmeyer flask, 
add approximately 30 ml. of water, and shake thoroughly. Add 10 ml. of normal 
H 2 S0 4 and 15 ml. of a 20% phosphotungstic acid, make to 125 grams with water, 
shake for about 1 minute, and filter through a folded filter paper. (50 ml. of filtrate 
will be found to weigh 50 grams.) 

Dried Eggs. —Mix 5 grams and 50 ml. of water into a uniform paste with the aid 
of a stirring rod and add with constant stirring 10 ml. of normal H2SO4, followed by 
12 ml. of a 20% phosphotungstic acid solution. Transfer the mixtures with water 
into a tared 200 ml. Erlenmeyer flask, and make to 125 grams with water. Shake for 
about 1 minute and filter through a folded filter paper. (50 ml. of filtrate will be 
found to weigh 50 grams.) 

REAGENTS 

Standard barium lactate solution. —Dissolve in about 10 ml. of water a quantity 
of a pure lactic acid salt, such as lithium, zinc, or calcium lactate, that will contain 
the equivalent of about 300 mg. of free lactic acid. Transfer the material to the 
extractor (for description of extractor see This Journal 25, 256 (1942), add 0.5 ml. 
of H2SO4 (14-1), and adjust the volume to 50 ml. Extract with ether for 2 hours. 
Add about 20 ml. of water to the extraction flask, evaporate the ether on the steam 
bath, and carefully titrate the contents of the flask with 0.1 JV Ba(OH) 2 . Transfer 
the neutralized material to a 200 ml. volumetric flask, make to mark, and shake. 
Pipet into a 500 mi. volumetric flask such a quantity of this barium lactate solution 
as will contain the equivalent of exactly 250 mg. of free lactic acid, make to mark, 
shake, and designate as standard lactate solution. 1 (2 ml. of this solution will contain 
the equivalent of 1 mg. of lactic acid.) Transfer 20 ml. of the standard lactate solu¬ 
tion to a 100 ml. volumetric flask, make to mark, and designate as dilute standard 
lactate solution. (10 ml. of this solution will contain the equivalent of 1 mg. of lactic 
acid.) 

Carbon. —To 10 grams of a high-grade carbon (Nuchar W is suitable, and Suchar, 
Darko G60, and Carbex E can also be used) in a 600 ml. beaker, add about 200 ml. 
of water and 30 ml. of normal HC1, and place on the steam bath for 20 minutes. 
Agitate continuously with air passed through cotton. Filter on a Buchner funnel and 
suck as dry as possible, tamping with a flattened rod. Transfer the cake to the 
beaker, add about 200 ml. of water, mix thoroughly, and refilter. Repeat the wash¬ 
ing and filtering twice and dry in the water oven. 

Ferric chloride solution. —Dissolve 2 grams of FeCl* (analytical reagent) in water, 
add 5 ml. of normal HCi, and dilute to 200 ml. 

1 The standard lactate solutions for plotting the standard curve must be freshly prepared and promptly 
used. 
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PLOTTING STANDARD CURVE 

Transfer from buret to volumetric flasks graduated at 50 and 55 ml. the quan¬ 
tities of standard solutions listed in the left-hand column of Table A. In the right- 
hand column of Table A are given the quantities of lactic acid (mg.) that will be 
contained in the 40 ml. of filtrate obtained from each sample after the carbon treat¬ 
ment below, and that will therefore be read in the photometer. A blank using 40 
ml. of water in place of the designated quantities of lactate solution must be included 
in the series. 


Table A 


SOLUTION TO BE TRANSFERRED TO 

50-55 ML. VOLUMETRIC FLASK 

LACTIC ACID IN 40 ML. 

ALIQUOT OUT OF 55 ML. 

Dilute standard lactate solution 

ml. 

ml. 

6.90 

0.5 

13.80 

1.0 

27.60 

2.0 

Standard lactate solution 

8.25 

3.0 

11 .00 

4.0 

13.75 

5.0 

16.50 

6.0 

19.25 

7.0 

22.00 

8.0 

24.75 

9.0 

27.50 

10.0 

30.25 

11.0 

33.00 

12.0 


To each flask add 6.6 ml. of 0.1 N IIC1 and water until the volume is about 40 ml. 
Now add 200 mg. of the prepared carbon, shake, and place on the steam bath for 10 
minutes, mixing at frequent intervals. Cool, make to 55 mark with water, and as 
soon as possible filter through quantitative paper, pouring back until bright. 

Transfer 40 ml. of each clear filtrate to a 50 ml. Nessler tube. As the 40 ml. of 
filtrate used contains only 4.8 ml. of the acid added during the carbon treatment, 
add 1.2 ml. of the IIC1. (A total of 6 ml. of 0.1 N HC1 is required in the tube.) Place 
each tube in a jacket of black paper. With one tube at a time, add 5 ml. of the FeCh 
solution by pipet, make to mark, and mix. Pour the solution into a 4 inch photo¬ 
meter cell (preferably Pyrex) with plane parallel fused ends, the side walls of which 
are painted black, and read in neutral wedge photometer, using filter No. 46. 2 3 
From the readings obtained, prepare a standard curve, plotting mg. of lactic acid 
as abscissae and scale readings as ordinates. Large-scale graph paper is recom¬ 
mended in order that more accurate interpolations may be made. 

It is not necessary to prepare a new standard curve when a new batch of carbon 
or solution of FeCla is used. However, a blank determination with water should be 


* Clifford and Brice, Ind . Eng. Chem., Anal. Ed , 12, 218 (1940). Other types of photometers can be 

used. Also, color comparisons can be made directly in the Nessler tube by customary procedure. See 7 hu 
Journal , 20,135 (1937). # , .. , 

* On exposure to direct light the oolor fades, but protected as provided it is found to be stable a number 
of hours. 
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made and if this blank does not coincide with the original blank, readings can be 
brought into conformity with the curve by simply adding to or subtracting from the 
readings the observed amount of variance of the new blank from the old blank. 

EXTRACTION 4 

Place 50 ml. of the filtrate obtained from the prepared sample and 0.5 ml. of 
H 2 SO 4 ( 1 -fl) in the inner tube of the extractor and connect to the longest bulb- 
type condenser available having an outlet not less than 1/2 inch inside diameter to 
obviate regurgitation of the ether. Run water through the condenser in sufficient 
quantity to obtain maximum condensation efficiency. Connect the extraction 
flask containing 200 ml. of ether, and lower the flask onto a hot plate that has been 
previously heated in order to prevent super-heating of the ether. Protect the ex¬ 
tractor from the heat of the hot plate by an upright sheet of asbestos and extract 
until all the lactic acid is extracted. When the ether in the extraction flask is kept at 
rapid boiling and the condensing water is sufficiently cold to allow the condensed 
ether to return to the extraction flask in a steady stream, a 3-hour extraction period 
will deliver all the lactic acid. When this rate of extraction cannot be maintained 
because of high temperature of the water passing through the condenser, continue 
the extraction until the equivalent of 7500 ml. of ether has passed through the 
solution being extracted. The time required, “T,” established for each set of new 
conditions, is calculated from 2 factors, “A,” the quantity of ether necessary to fill 
the extractor to overflowing at the side-arm, which is a constant for each apparatus; 
and "B,” the time in minutes required for quantity “A” to pass from the extraction 
flask and to fill the extractor. To determine “A,” place 50 ml. of water and 0.5 ml. 
of H 2 SO 4 (1-fl) in the extractor. With the extractor held upright, carefully pour 
ether into the inner tube until it just starts passing out of the side-arm. Determine 
“B” in the ordinary course of starting each determination. With a stop-watch, 
record the interval from the time the ether first drops from the condenser and falls 
into the inner tube to the time the first drops return to the extraction flask from the 
overflow into the side-arm. The time “T” necessary for 7500 ml. to pass through 
the apparatus equals 7500 “W /“A”. The calculated "T” holds true only if the rate 
of boiling and condensing is unchanged throughout the extraction period. 

DETERMINATION 

To the flask containing the ether extract add 20 ml. of water and expel the ether 
on the steam bath. Do not allow the flask to remain on the steam bath after the 
ether has been expelled. Neutralize the contents of the flask with saturated Ba(OH)* 
solution (phenolphthalein indicator). Transfer to a 110 ml. volumetric flask with 
alcohol until the volume is about 90 ml. Heat almost to boiling on the steam bath, 
cool, make to mark with alcohol, and filter through a quantitative paper. To expel 
the alcohol, evaporate 100 ml. of the filtrate to about 10 ml., add about 50 ml. of 
water, and again evaporate to about 10 ml. (or the 100 ml. of filtrate may be evapora- 
ated to dryness on the steam bath). Add from a buret 6.6 ml. of 0.1 N HC1 and trans¬ 
fer the contents of the beaker with water to a 50-55 ml. volumetric flask until the 
volume is about 40 mg. Add 200 mg. of the acid-treated carbon, immediately shake, 
and place on the steam bath for 10 minutes, mixing at frequent intervals. Cool, 
make to mark with water, and filter through a quantitative paper, pouring back 
until bright. 

Transfer 40 ml. of the filtrate to a Nessler tube. (A total of 6 ml. of 0.1 N HC1 


4 The procedures for the extraction and determination of lactic acid are those given in This Journal, 
25, 355 (1942), except for a few editorial changes. In the previous directions lithium lactate was used as a 
standard, but it has been replaced by barium lactate in this procedure. 
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is required in the tube. The 40 ml. of the filtrate contains 4.8 ml. of 0.1 N HC1 added 
during the carbon treatment.) To provide the 6 ml. of 0.1 N HC1 required, add 1.2 
ml. of the acid. Place the tube in a jacket of black paper, add from a buret or pipet 
5 ml. of the FeCla solution, make to the 50 ml. mark, and mix. (After the color has 
been developed, diluting for the purpose of reducing the color intensity is not per¬ 
missible.) Fill a 4 inch cell, the walls of which are painted black, with the solution 
and read in the photometer, using filter No. 46. B Estimate the quantity of lactic acid 
present in the 40 ml. portion taken, from the standard curve of the instrument. 
If the quantity of lactic in the 40 ml. portion of filtrate exceeds the 12 mg. limit of 
the standard curve, repeat the estimation on a 10 ml. portion of remaining filtrate. 
The 10 ml. portion will contain 1.2 ml. of 0.1 N HC1 and 4.8 ml. of the acid will have 
to be added to complete the 6 ml. required in the Nessler tube. Report lactic acid in 
terms of mg. per cent. 

VOLATILE FATTY ACID8 IN EGG PRODUCTS 
I. APPARATUS® 

A steam distillation assembly consisting of a boiler flask (3 liter) giving steam 
at a uniform rate so as to produce a constant rate of distillation, a distillation flask, 
a condenser, and 50 and 200 ml. volumetric flasks as receivers. 

II. STANDARDIZATION OF THE DISTILLATION APPARATUS 

So place the apparatus in the laboratory that it is free from drafts and sudden 
changes in temperature. Make a mark on the 3 liter boiler flask at the 1500 ml. level, 
fill to this mark with boiled distilled water , 7 heat to boiling, and boil for several 
minutes before starting a distillation. Transfer about 50 ml. of 0.1 N formic acid 
to the distillation flask, add 1 drop of H 2 S0 4 (1 -f 1), and adjust the volume to 150 
ml. with water. Connect condenser, insert steam inlet tube into distillation flask, 
and bring contents of this flask to incipient boiling by means of a burner. Next, 
connect steam inlet tube with steam supply of boiler and Btcam distil. So regulate 
the rate of evolution of the steam and height of small flame of burner under the dis¬ 
tillation flask that the volume of the liquid in the distillation flask is kept constant 
at 150 ml. and the distillate is collected at the rate of 200 ml. per hour . 8 (A few 
trials with water in the distillation flask will show conditions necessary to maintain 
constant volume in distillation flask and rate of distillation.) Collect a 50 ml. por¬ 
tion of distillate, followed immediately by a 200 ml. portion. Transfer contents of the 
50 ml. volumetric receiver to a 125 ml. Erlenmeyer flask, and those of the 200 ml. 
receiver to a 300 ml. flask, and titrate each to phenolphthalein end point with 0.1 
N alkali. Make a blank determination, using 150 ml. of distilled water and 1 drop of 
H 2 SO 4 (1-f 1) in the distillation flask, collecting a 50 ml. and a 200 ml. portion and 
titrating. Correct the titrations of each distillate for the respective blanks. Calculate, 
in terms of percentage, the fractions of the total formic acid originally present, which 
were carried over into the 50 mi. and 200 ml. distillates . 8 Designate them as TFi 
and TF S , respectively. 


• Use the same cell, photometer, and color filter as used in obtaining the standard curve. If a photometer 
is not available, comparisons can be made in the conventional manner with Nessler tubes (compare This 
Journal , 20, 135 (1937) 

• The apparatus illustrated in This Journal, 21, G85 (1938) is of practical dimensions and fulfils the 
requirements. 

1 Throughout the determination all distilled water used should be boiled 

■ The period of collection may vary ± 2 min The 150 ml. volume m distilling flask should remain 
constant within ± 5 ml The boiling may be stopped to permit a test of the constancy of the 150 ml. volume 
by momentarily interrupting the steam supply. 

• In This Journal , 25, 176 (1942), these were called “distillation rates.” In these directions, the term 
distillation fractions is used. 
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Repeat the standardization, using 0.1 N acetic acid and also using 0.1 N butyric 
acid. 10 Calculate distillation fractions for these acids and designate those of the 50 
ml. distillates as TAi and TBi, and of the 200 ml. distillates as TA* and TB 2 for 
acetic and butyric acids, respectively. 11 Calculate the ratio of TAj/TAi and desig¬ 
nate as “C.” 

III. PREPARATION OF BUFFER SOLUTIONS AND DETERMINATION 
OF DISTILLATION BLANKS 

Prepare a buffer mixture of pH 8.6 W by dissolving 12.404 grams of boric acid and 
14.912 grams of KC1 in water and diluting to 1 liter. (The salts should be as pure as 
possible.) 50 ml. of this mixture plus 12 ml. of 0.02 M NaOH (or its equivalent), 
made to 200 ml. with water, has a pH of 8.6. Transfer 60 ml. of this solution to a 
thoroughly clean 125 ml. Erlenmeyer flask, and 220 ml. of the same solution to a 
300 ml. Erlenmeyer flask; add 3 and 5 drops of phenolphthalein, respectively, to the 
flasks and tightly stopper with rubber stoppers. 

Determine the titration blank of a 50 ml. and a 200 ml. portion of distillate 
collected as directed in II from 150 ml. of distilled water and 1 drop of H 2 S0 4 (1 -f 1) 
in the distilling flask. Transfer the 50 ml. distillate to a 125 ml. Erlenmeyer flask 
with about 10 ml. of water, and the 200 ml. distillate to a 300 ml. Erlenmeyer flask 
with about 20 ml. of water. Titrate the 50 ml. distillate with 0.01 N Ba(OII)* until 
the color matches that of the prepared 60 ml. buffer solution 1 * and titrate the 200 
ml. distillate to match the 220 ml. buffer solution. The indicator color should per¬ 
sist for about 10 seconds. 


IV. PREPARATION OF SAMPLE 

Liquid or Frozen Eggs. —Weigh 80 grams into a tared 500 ml. Erlenmeyer flask, 
add about 150 ml. of water, and shake vigorously. 

Dried Eggs. —Weigh 25 grams into a 250 ml. beaker and, with a heavy stirring 
rod, make into a smooth paste with water. Transfer the contents of the beaker to a 
tared 500 ml. Erlenmeyer flask, using a total of about 200 ml. of water. 

To the samples add 25 ml. of normal H 2 S0 4 and shake for about 1 minute. Add 
40 ml. of a 20% phosphotungstic acid solution, make to 350 grams vrith w T ater, and 
shake for 1 minute. Filter through a 24 cm. folded filter paper. Weigh 150 grams of 
the filtrate into a 300 ml. Erlenmeyer flask, add an excess of Ag 2 S0 4 (approximately 
1/2 gram), and heat to boiling on a hot plate under a water-cooled reflux condenser. 
Cool the flask with running water w T liile still connected with the condenser. Transfer 
the contents of the flask to a 200 ml. volumetric flask with w r ater, make to mark, 
shake, and filter through a folded filter paper. Test the filtrate for complete re¬ 
moval of chlorides with a few crystals of Ag 2 S0 4 . If all the chlorides have not been 
removed, add more Ag 2 S0 4 to the solution, shake for several minutes, and again 
filter, pouring back until bright. 14 

V. DETERMINATION OF VOLATILE FATTY ACIDS 

(a) Distillation and titration .—Pipet 150 ml. of the filtrate into the distillation 
flask of the apparatus, and if not already acid against Congo paper make acid with 


10 Other volatile acids, such as propionic and isobutyric. can be included in a general standardisation 
of the apparatus, but so far these other acids have not been encountered m either sound or decomposed 
eggs. 

11 Distillation fractions for standardization made in triplicate should check within a range of 1%. 

12 “Determination of Hydrogen Ions," by Clark, 2nd Ed., p. 107. Williams & Wilkins Co., Baltimore, 

Md. 

l * The alkali should be kept in heavily paraffined bottles The titration outfit described in This Journal 
21, 686 (1938), which can be readily constructed from material in the laboratory, has been found very 
convenient for this purpose. 

14 In rare cases when it is not possible to get a bright filtrate, the addition of filter-cel and refiltration 
will prove helpful. 
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H 2 SO 4 (1 4*1). Steam distil under the conditions specified under II, collecting one 50 
ml. portion followed by one 200 ml. portion of distillate. Titrate each portion with 
0.01 N Ba(OH) 2 , following strictly the procedure outlined under III. 

(b) Determination of formic acid .—Combine the 50 ml. and 200 ml. portions of 
titrated distillate obtained above, add 2 drops of saturated Ba(OH ) 2 solution, and 
evaporate to dryness on the steam bath. Add about 5 ml. of water to the residue 
and 1 ml. more of normal HC1 than is necessary to liberate the volatile acids. Filter 
through a small paper into a 125 ml. Erlenmeyer flask with ground joint and wash 
the paper with water in such a manner that the total filtrate will equal 30-40 ml. 
Add 10 ml. of sodium acetate-sodium chloride mixture (25 grams of sodium acetate 
plus 12 grams of sodium chloride made to 500 ml.) and 10 ml. of a 5% H 2 C1 2 solu¬ 
tion. Connect the flask with a ground joint air condenser, place on the steam bath, 
and allow the liquid to react for 2.5 hours. Transfer the precipitate of calomel to a 
previously weighed Pregl filter tube 15 provided with a mat of asbestos about 2 mm. 
thick. Wash the precipitate with water, followed by alcohol, and dry for 0.5 hour 
at 100°C. Cool and weigh. The tube should be weighed with another Pregl tube as a 
tare, prepared with asbestos, and treated in the same manner as the one containing 
the precipitate. 

The weight of calomel precipitated (mg.) from the combined distillates multi¬ 
plied by .0975 gives the mg. of formic acid in the distillates. To calculate the total 
formic acid originally present in the aliquot of the sample in the distillation flask 
before distillation, divide this result by TFi plus TF 2 , as determined in II. Divide by 
8.04 and multiply by 100 to obtain mg. per cent (mg./lOO grams) of formic acid in 
the dried eggs being analyzed. 

(c) Computation of volatile acids other than formic — 

(а) Formic acid present .—For the purpose of computing acids other than formic, 
the titrations of the total acid in the 50 and 200 ml. distillates, obtained under V(a), 
are corrected for the formic acid present. Convert the mg. of formic acid in the 
aliquot of the sample in the distillation flask before distillation (as calculated in 
V(b) to ml. of 0.01 N formic acid by dividing by 0.46. Multiply this result by TFi 
to obtain the ml. of 0.01 N alkali required to neutralize the formic acid in the 50 ml. 
distillate, subtract from the original titration, and designate the corrected titration 
as ti. Using TF 2 as the multiplier, correct the original titration of 200 ml. distillate 
in a like manner and designate as t 2 . Calculate the ratio t 2 /ti and compare with “C” 
as determined under II. If comparison shows a close agreement ( ± 0 . 1 ), acetic and 
formic are the only acids present. The sum of the corrected titrations of the 50 ml. 
and 200 ml. distillates divided by the sum of TAi and TA 2 gives the ml. of 0.01 N 
acetic acid in the aliquot sample in the distillation flask before distillation. This di¬ 
vided by 8.04 and multiplied by 60 gives the mg. of acetic acid in 100 grams of the 
dried eggs being analyzed. If “C” is greater than t 2 /ti by more than 0 . 1 , butyric acid 
is present. 

( б ) Formic acid absent .—Divide the titration of the 200 ml. distillate by that 
of the 50 ml. distillate determined as under Y(a). If the result is in close agreement 
with “C” (± 0 . 1 ), then acetic acid only is present, but if the result is less than 
“C” by more than 0 . 1 , butyric acid is present. In the absence of butyric acid, com¬ 
pute mg. of acetic per 100 grams of dried eggs as directed above. 


11 The Pregl tube used is a glass tube approximately 75 mm long, the upper half of which is 7 mm. 
inside diameter and the lower end 3 mm diameter. A sintered glass disk about 3 mm thick is fused into 
the constriction between the upper and lower halves. A convenient holder for the Pregl tube for nitration 
is a glass tube large enough to permit seating the Pregl tube at the constriction by aid of a rubber sleeve 
at the upper end of the holder The holder passes through a rubber stopper into a suction flask By means 
of a small rubber Btopper the upper end of the Pregl tube is connected with a glass siphon through which 
the solution and precipitate are transferred to the filter. Wash water and alcohol from the flask are also 
passed through the siphon tube. 



Table 3. —Authentic liquid, frozen, and dried eggs 
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When butyric acid is present along with acetic acid, the titration of the 50 ml. 
distillate (either corrected or uncorrccted, depending upon whether formic acid is 
present) equals the sum of two products (1) TAi times the total ml. 0.01 N acetic 
acid in the distillation flask at the start of distillation, pluB (2) TBi times the total 
ml. of 0.01 N butyric acid in the distillation flask at the start. Analogously, the titra¬ 
tion of the 200 ml. distillate is the sum of TA 2 times the total acetic plus TB 2 times 
the total butyric in the flask. The values TA lf TA 2 , TBi, and TB 2 are constants 
for the particular apparatus as standardized under II, and the titrations are known. 
The quantities of acetic and butyric acids in the flask are unknown, and are to be 
calculated. These data can be set up as simultaneous equations and the unknown 
values found. 16 The calculated results will be in terms of ml. 0.01 N acid. The ml. 
0.01 N acetic acid divided by 8.04 times 60 equals mg. acetic acid per 100 grams of 
the dried eggs being analyzed. The ml. 0.01 N butyric divided by 8.04 times 88 
equals mg. butyric acid per 100 grams of dried eggs. 

DISCUSSION OF RESULTS 

The bacteriological, chemical, and organoleptic data obtained in this 
investigation on liquid, frozen and dried eggs and which are regarded as 
useful in objective judgment of decomposition are presented in Table 3. 
In the bacteriological studies the members of the coliform group are not 
reported, as this group, while widely used as an index of insanitation, 
has but limited value as an index of decomposition. As another investiga¬ 
tor has reported (21), it was found that this group is largely destroyed 
during the drying process. With frozen eggs it has also been reported that 
the coliform index and the total plate count are roughly parallel (22). 

The viable bacterial counts in liquid eggs and in the frozen eggs made 
therefrom are generally of the same magnitude (Table 3). Although some 
variations occur with freezing, the count in general varies directly with 
the quality of the product. With dried eggs, too, there is a general ten¬ 
dency for the plate count to increase as decomposition develops, but the 
increase is too variable to be a reliable index of the original condition of 
the liquid eggs. This conclusion is supported by the investigator, referred 
to above (21), who states further that the viable count decreases on 
storage, particularly with samples of high bacterial content. This latter 
finding is also reported by others (23). 

The microscopic bacterial count, which includes both living and dead 
cells, appears to be just as reliable an index of decomposition of liquid and 
frozen eggs as is the viable plate count. On dried eggs it is a much more 
reliable index of this condition. During the drying of the eggs there ap¬ 
pears to be an appreciable decrease in the microscopic count. Whether this 
is due to destruction of bacterial cells or to a loss of their ability to stain 
has not been determined. The decrease, however, is too variable to permit 
an accurate estimate of the bacterial content of the liquid eggi. from the 
count on the dried powder. An important advantage of the microscopic 


»• Thu Journal , 25, 180 (1942). 
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count is that there is no appreciable change on storage over a period of 
two years at room and at refrigeration temperature (40°F.). Others have 
also shown this to be true over a period of ten months at temperatures 
ranging from 0° to 110°F. (23). In no instance did dried eggs show a micro¬ 
scopic count exceeding 10 million per gram or frozen eggs 5 million per 
gram when they were prepared from sound, raw material. In all cases 
where these counts were exceeded decomposed or rotten eggs had been 
incorporated in the product or the eggs had been subjected to conditions 
after breaking-out which permitted them to sour. 

The chemical results for acidity of ether extract, volatile-base nitrogen, 
decomposition quotient, sugars, pH and total solids are not included in 
Table 3. In these experiments, the acidity of ether extract was found to 
have no significance. There was a tendency for the pH to be below 7 with 
eggs which had soured on standing, but the differences were not suffi¬ 
ciently consistent to be of value in demonstrating decomposition. Further, 
others have shown that storage for six months may change dried eggs 
by as much as 1.0 pH (24). The decomposition quotient in no instance 
approached the values proposed by its authors as indicating decomposi¬ 
tion. This may be because the present experiments did not involve the 
cheesy type of decomposition referred to in the original study. Significant 
results on sugar content were found on Samples B5, RR2, and RR3, 
where none remained in the liquid egg after the holding period. With the 
two other samples in this group (R02 and R03) the sugar content was 
well below the average. It is significant that the samples in which the 
sugar was completely destroyed are the ones highest in bacteria and also 
in developed acids. Likewise experience with many commercial samples 
show that those of high count and acid content contain no sugars. The 
natural sugar of the egg is destroyed as bacterial growth proceeds. These 
findings show the need for further studies on the changes in the constitu¬ 
ents of the egg caused by the destructive action of microorganisms associ¬ 
ated with the various types of egg decomposition, and on the identifica¬ 
tion and the determination of the end products formed. The volatile-base 
nitrogen was found to increase significantly in sour liquid eggs, and to a 
more limited extent in some samples containing added rotten eggs. How¬ 
ever, drying brought the results of all samples within so narrow a range 
that certain detection of decomposition by this method was not possible. 
The diagnostic value of volatile-base nitrogen in frozen eggs should be 
evaluated by further study. Total solids were determined to permit calcu¬ 
lations of the results to a dry basis so that direct comparison could be 
made between the batches in their liquid and dried states. 

The data presented show that edible eggs contain no formic, not more 
than a trace of acetic, and only limited amounts of lactic acid. There is 
no material increase in these acids when sound liquid eggs are held for a 
day under refrigeration or for short periods at high temperature, or when 
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they are frozen and thawed before drying. Further, eggs so treated showed 
no odor of decomposition. Fish meal and oil, and linseed or cottonseed 
meals in the diet of hens do not affect the odor or taste of eggs, nor their 
content of these acids. There is no evidence that lactic acid content is 
materially affected on drying or that more than a mere trace of formic acid 
is formed. However, acetic acid is formed in appreciable amounts during 
drying. Over-heating during drying does not further increase these 
acids. 

As is to be expected, the chemical results on the frozen-egg samples 
agree with those on the liquid samples. When liquid eggs become sour on 
standing at a temperature above that of refrigeration, formic and acetic 
acids are formed and the normal lactic acid content is substantially in¬ 
creased. This development of acids is accompanied by rapid bacterial in¬ 
crease. The odor of the liquid eggs that were allowed to become sour was 
repulsive and acid-like, resembling the smell of garbage in an active state 
of spoilage, and the taste of the dried eggs made therefrom was strong and 
vinegar-like, repulsive almost to the point of nausea. 

The agreement of bacteriological and chemical findings with the organo¬ 
leptic evidences of inedibility on dried eggs has been uniformly excellent 
in hundreds of commercial samples that have been routinely examined. 
Any sour taste has been accompanied by high bacteria and acid contents, 
the quantities increasing with increased sourness. 

The determination of volatile and lactic acids in either liquid or dried 
eggs appears to be of little value for demonstrating the presence of de¬ 
composed or objectionable shell eggs added in limited amounts. This is 
doubtless because decompositions in shell eggs are of so many different 
types. That these acids are not always formed is supported by tests made 
on good and obviously inedible individual shell eggs. No formic or acetic 
acid was found in 18 individual good eggs, and the lactic acid range was 
only from 3 to 7 mg. per 100 grams of liquid egg. Results on 14 inedible 
eggs are given in Table 4. With the quantities of acids that may be present 
in an inedible egg as low' as these here found, it is obvious that a very 
considerable percentage of bad eggs could be present in a batch without 
detection because of their dilution by the sound eggs. With three batches 
containing added inedible eggs, namely RM, RB, RU, the odor of the 
liquid established their inedibility although results on acids did not. Two 
of these samples tested in the frozen state confirmed the value of the 
“drill and smell” test to detect decomposed eggs in the frozen product. 
The smell test has been demonstrated in other unpublished studies to be 
reliable and valuable for detecting inedible shell eggs in both liquid and 
frozen eggs. The absence of chemical evidence obviously does not detract 
from the soundness of interpretations based on smell. Methods to detect 
and determine all possible end products of decomposition are not avail¬ 
able. 
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Table 4. —Adda in ahell egga 


NO. 

DESCRIPTION 

FORMIC 

LACTIC 

ACETIC 

1 

Odorless addled eggs 

mg./100 gram* 

None 

mg./100 gram* 

143 

mg./100 gram* 

17 

2 

Odorless addled eggs 

None 

7 

None 

3 

Odorless addled eggs 

None 

6 

None 

4 

Odorless addled eggs 

2 

6 

11 

5 

Odorless addled eggs 

None 

6 

None 

6 

Odorless addled eggs 

None 

6 

None 

7 

Mixed rots 

None 

74 

42 

8 

Mixed rots 

2 

6 

4 

9 

Mixed rots 

3 

15 

8 

10 

Mixed rots 

8 

6 

13 

11 

Mixed rots 

15 

10 

22 

12 

Mixed rots 

13 

11 

20 

13 

Mixed rots 

9 

6 

19 

14 

White rots 

1 

6 

3 


* Liquid egg basis. 


These chemical studies demonstrate that dried whole eggs prepared 
from sound, wholesome, good, shell stock, properly broken-out and 
handled under sanitary condition, with proper refrigeration, should con¬ 
tain no formic, not more than 50 mg. of lactic, and not more than 65 mg. 
of acetic acid per 100 grams on a dry basis. 

COMMERCIAL SAMPLES 

The application to commercial samples of the bacteriological and 
chemical determination shown to be of value on authentic decomposed 
dried eggs was studied through visits to a number of dried-egg establish¬ 
ments in active production. Some plants were using current-receipt eggs, 
others storage eggs, and still others combinations of the two. Occasionally 
frozen eggs were used to supplement the supply of shell-stock. The eggs 
were observed at each stage of the preparation, from the candling, break¬ 
ing, mixing, and churning on into the pressure pump and dryer. Tempera¬ 
tures and odors of the liquid eggs in the mixing or holding tanks were 
recorded from time to time during the visit. Samples were taken of the 
liquid egg going to the dryer, and a microscopic count was made. When 
it was certain that the liquid egg, the preparation of which had been ob¬ 
served, was being dried, samples of the dried eggs were taken to be 
analyzed later. Table 5 presents the data on such samples. None of the 
samples showed a decomposed flavor by the taste test. In only two cases 
were significantly high bacteria counts encountered, namely Samples 
A and G. These samples also exceeded the maximum of 50 mg. of lactic 
acid per 100 grams established by the experimental authentic packs. 
Sample A was from a firm employing a “wet collector,” in which the 
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Table 5. —Commercial samples—authentic 


SAMPLE 

LACTIC 

ACIDS MG./100 GRAMS 

(dry basis) 

FORMIC ACETIC 

MICROSCOPIC COUNT 

(millions) 

PER GRAM PER ML. 

DRIED EOQ LIQUID EGO 

A 

150 

None 

23 

202.0 

2.5 

B 

47 

None 

19 

17.0 

8.0 

C 

44 

None 

16 

28.0 

42.5 

D 

30 

None 

19 

63.0 

190.0 

E 

38 

None 

17 

1.5 

6.0 

F 

49 

None 

16 

0.5 

1.0 

G 

63 

None 

23 

110.0 

410.0 

H 

38 

None 

16 

31.0 

40.0 

I 

47 

None 

20 

1.5 

3.0 

J 

42 

None 

19 

5.5 

8.0 

K 

47 

None 

17 

0.5 

1.5 

L 

47 

None 

19 

1.0 

1.0 

M 

23 

None 

30 

1.5 

4.5 

N 

37 

None 

24 

1 .5 

2.0 

O 

24 

Trace 

35 

0.5 

1.5 

P 

44 

None 

32 

0.5 

1.0 

Q 

40 

None 

32 

1.5 

4.5 

R 

37 

None 

29 

0.5 

2.5 

S 

37 

None 

29 

0.5 

2.0 

T 

24 

None 

24 

4.5 

5.0 

U 

36 

Trace 

27 

4.0 

8.0 

V 

26 

None 

20 

3.0 

5.0 

W 

23 

None 

23 

0.5 

0.5 


fine powder carried out with the exhaust air was exposed to the incoming 
liquid egg and returned to the dryer. The output of this manufacturer 
consistently showed excessive bacterial counts, and shortly after the visit 
when Sample A was collected this equipment was replaced by one of the 
conventional types used extensively in the industry. This change ma¬ 
terially reduced the bacterial content of the output and brought it into 
agreement with that of other manufacturers. With Sample G the eggs 
were broken-out in a plant 150 miles distant from the drying plant. Dur¬ 
ing the trip of several hours, the only provision for refrigeration was a few 
blocks of ice on some of the metal barrels. The temperature of the liquid 
on arrival at the drying plant was from 50° to 60°F. The odor of the liquid 
was indicative of incipient decomposition. The circumstances surrounding 
these two samples account for the abnormal bacterial and chemical re¬ 
sults. Samples B, C, D, and H gave microscopic counts ranging from 17 
to 63 million but they were in the normal range for acids. The counts 
exceed the 10,000,000 maximum found in the experimental authentic 
packs, but no condition of the eggs or the method of handling them was 
observed which could account for the increases. An extremely liberal limit 
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of 100,000,000 bacteria per gram is therefore suggested as a maximum 
for edible commercial dried egg. These experiments with commercial dried 
eggs show that the use of the suggested maximum microscopic count and 
of the maxima previously suggested for volatile and lactic acids, will 
not condemn any product made from sound, edible eggs. 


SUMMARY 

Bacteriological and chemical criteria for some forms of decomposition 
in liquid, frozen and dried eggs have been developed. 

With liquid and frozen eggs a microscopic count of over 5,000,000 per 
gram, with determinable amounts of either formic or acetic acid or lactic 
acid in excess of 7 mg. per 100 grams of liquid egg, demonstrates the pres¬ 
ence of decomposed eggs. 

With dried eggs a microscopic count of over 100,000,000 per gram, with 
determinable amounts of formic acid and acetic acid over 65 mg. and lactic 
acid over 50 mg. per 100 grams (on the dry basis) demonstrates the pres¬ 
ence of decomposed eggs. 

Whenever the taste of dried egg was sour, the bacteriological and chemi¬ 
cal results have been well above these maxima. 

Certain types of decomposed eggs can be present in liquid, frozen, or 
dried eggs without being detected by these bacteriological and chemical 
methods. 

The smell test is reliable for establishing a decomposed condition in 
liquid and frozen eggs in the absence of other criteria. 
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NOTES 


Tests for Completeness of Extraction of Tobacco 
Alkaloids from Plant Materials 9 " 

In the extraction of alkaloids from plant materials it is often imperative that a 
reliable qualitative test be used to prove that the extraction is complete. The use of 
Prollius' fluid 1 is not convenient, as it requires too long a time before the results 
are known. Since the solvent may give incomplete extraction or the plant material 
may not be sufficiently divided to permit complete extraction, some other pro¬ 
cedure should be used in preference to further extraction and testing of the extract 
solvent. 2 The following slight modification of the method recommended by Mark- 
wood and Barthel* for the complete disintegration of tobacco samples before ex¬ 
traction with benzene may be used in the case of plant materials containing the 
tobacco alkaloids. Approximately 5 grams of the marc is treated with 10 ml. of 
strong (9 + 1) sulfuric acid, whereby the cellular structure is broken down with the 
formation of the sulfates of any remaining organic bases, and then mixed for several 
minutes; 25 ml. of water is added, and the undissolved portion is removed by filtra¬ 
tion. The filtrate is neutralized with NaOH (300 g./liter), just acidified with 10% 
HC1, and tested with silicotungstic acid solution. If salts should separate during the 
neutralization, the clear supernatant liquid must be decanted before the reagent is 
added. The test solution and the reagent are warmed and then cooled with strong 
agitation. No precipitation indicates less than 0.01 per cent of nicotine, nornieotine, 
or anabasine left in the marc. 

Protein materials in the marc do not appear to interfere with the test. Other alka¬ 
loid reagents may be substituted for the silicotungstic acid if desired. The test is 
simple, rapid, and adaptable to the reagents at hand. 

•By C. V Bowen and W. F. Barthel (U. S. Department of Agriculture, Agricultural Research Ad¬ 
ministration, Bureau of Entomology and Plant Quarantine, Beltaville, Maryland) 

1 “Allen’s Commercial Organic Analysis,” 5th ed. r Vol. VII, p. 6 P. Blakiston’s Son & Co., Philadelphia 
(1929). 

* Ibid., p. 10. 

» Mark wood and Barthel, This Journal, 26, 280-283 (1943). 

Preparation of Small Animals for Analysis* 

In studies of the utilization of the energy of feeds for growth by chickens and 
rats, 1 it was necessary to analyze large numbers of small animals, chiefly for protein 
and fat. 

Several different methods of preparing the animals for the analyses to be made 
were tried. Some chickens were dried easily in a vacuum oven and reduced to a fine 
powder in a Wiley mill, but there was danger of loss of fat in grinding, and the sam¬ 
ples took up sufficient water to change the moisture content. Rats were dried in 
desiccators over sulfuric acid, partly extracted with ether, dried, and ground again. 
This procedure was very slow, and some of the samples had a bad odor before the 
drying was completed. Considerable calculation was required to convert the analyses 
to the original basis. 

The fresh chickens or rats, after the intestinal contents had been removed, 
were ground in a meat chopper for direct analysis. In a comparatively short time 
water separated from the sample, making it impossible to weigh out representative 
portions. After trying several absorbents, the writer found that 2.5-3 per cent of 
filter paper absorbed the water and maintained a suitable consistency. 


• By G. S. Fbapb (Texas Agricultural Experiment Station, College Station, Texas) 
i Texas Agr. Expt. Sta. Bulls. 571, 600, 625, 632. 
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Analyses were begun the day the samples were ready, but it was necessary 
to preserve them as long as additional check analyses were required. Boric acid was 
used for this purpose, but it was found to be not entirely satisfactory. 

Since January 1940,* the animals have been cooked in an autoclave. The method 
used is similar to that employed by Gladys Lea veil,* but with the important differ¬ 
ences that filter paper was added to absorb water and correction was made for loss of 
water in autoclaving. This method has been used most generally for chickens or rats 
weighing less than 500 grams, but it has also been applied to a few chickens, 12-18 


Table 1 .—Live weight , empty weighty weight of filter paper , and loss in 
cooking chickens in preparation for analyses 



LIVE WEIGHT 

EMPTY WEIGHT 

FILTER PAPER 

ADDED 

LOSS IN 

COOKING 

Sample No. 

grume 

grume 

grume 

grume 

64465 

176.8 

168.6 

5.0 

9.7 

64468 

198.5 

193.1 

5.0 

9.8 

64471 

240.2 

232.2 

6.3 

13.1 

64474 

182.6 

174.6 

5.0 

10.7 

64477 

170.0 

162.7 

5.0 

7.7 

64480 

175.7 

170.3 

5.0 

10.1 

64317 

147.9 

141.0 

3.7 

3.2 

64325 

278.4 

268.2 

6.3 

6.0 

64332 

246.0 

229.0 

6.3 

7.6 


Table 2 .—Calculation to empty weight of chickens 


Weight after cooking 

grume 

163.9 (A) 


Filter paper added 

5.0 (B) 


Total 

168.9 (C) 


Empty weight 

Correction factor, C divided by D 

174.6 (D) 

0 9674 

Corrected protein (protein X F) 


21.93% 

Corrected (at (FatXF) 


2.54% 


weeks old, weighing as much as 1445 grams. These larger animals were divided and 
autoclaved in two half-gallon jars. Samples weighing 3.5 grams were used for the 
protein determinations, and others weighing 4.0 grams were used for the fat determi¬ 
nations. 

Table 1 contains data secured with this method, and Table 2 illustrates the meth¬ 
od of calculation of the data to the original empty weight. 

METHOD 

The procedure as finally used is as follows: 

PREPARATION OF FILTER PAPER 

Moisten 200 grams of filter paper with 170 ml. of HC1 (6 ml. to 250 ml of water), 
and dry at 50°C. Grind in a Wiley mill, using a 1 mm. sieve. 


* Texas Agr. Expt. Sta Bull. 625. 

• This Journal , 25, 159 (1942). 
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PREPARATION OF CHICKENS OR RATS 

Record live weight of animal. Kill the animal with CHC1*, remove the digestive 
tract, and cut open stomach or gizzard and remove any food. Straighten out the 
digestive tract and remove contents by pressing lightly with a spatula on a flat 
surface and pulling gently through the opening. (In this way all the contents can 
be removed without splitting the digestive tract.) Be careful not to press the spatula 
down so hard as to squeeze out liquids. Weigh again and put into a fruit jar of suita- 
ble size and having a numbered aluminum tag. Weigh jar and contents. Tighten the 
cover, place in autoclave, raise pressure to 15 pounds, and maintain this pressure for 
3 hours. Turn off the heat and allow the pressure to come to atmospheric pressure. 
Remove jar from autoclave, allow to cool overnight, and weigh. (The decrease in 
weight gives the loss of water.) Grind the animal through a meat grinder, and add 
2.5% of filter paper during the grinding so as to distribute it evenly. (It is convenient 
to weigh the filter paper into beakers, using 2.5 grams per animal with a live weight 
less than 100 grams, 3.8 grams for those animals weighing 100-150 grams, and so 
on.) Grind the sample as rapidly as possible to avoid excessive evaporation of water 
and continue to grind as many times as necessary to produce a good sample. Mix 
the ground sample with a spatula, place in fruit jars tightly closed, and keep in the 
refrigerator except when a part is being weighed for analysis. (It is well to weigh the 
sample just after it is ground, to ascertain if there is a normal loss in preparation. 
There will be some loss owing to the sticking of the material to the meat grinder and 
other utensils, and also some evaporation of water.) 

Photographic Action of Radium and Other Substances*! 

A paper by George L. Keenan 1 gives a complete review covering the period 
from 1842 to 1925 of investigations dealing with the effect certain non-radioactive 
substances have on the photographic plate. Some of these substances are paper, 
marble, feathers, cotton, zinc, magnesium, iron, anthracene, and anthraquinone. 
It was found that each of these substances had at least one of the following proper¬ 
ties: self-luminosity, radiance from previously absorbed light, emission of metallic 
vapors, or chemical activity. 

In 1925 Baughman and Jamieson* observed that fatty acids did not react on 
photographic plates, but that when these same fatty acids were exposed to the sun¬ 
light for 5-6 hours and then to a photographic plate they had developed the property 
of producing a reaction with the sensitized coating of the plate. The consensus of 
opinion of these investigators was that the photographic plate is affected by a vapor 
that arises from the substance and reacts with the sensitized film of the plate. 

The writer has compared the effects on photographic films of a dilute radium 
solution and certain non-radioactive substances. The samples used were linseed oil, 
hydrogen peroxide, and kerosene. The linseed oil, protected from daylight, was 
poured into an evaporating dish, which was then placed in a desiccator and kept in 
a dark room. A film (sensitized side to the oil) was placed over the top of the dish, 
and the dish was allowed to stand in the dark for about 16 hours, after which the 
film was developed and printed. 

The next day the same sample of linseed oil, protected from daylight, was 
transferred to a Petrie dish, which was then placed in a desiccator kept in a dark 
room. The sensitized side of a film facing a black paper cut-out was placed over the 
dish in the desiccator. This film was also exposed for 16 hours, after which it was 
developed and printed. 

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C., October 27, 28, 1943. 

t By Anna E. Mix, Food and Drug Administration, Federal Security Agency. Washington, D. C. 

i Chem. Rev., 3, 95 (1925). 

* /. Oil <fc Fai Jnd., 2, 25-28 (1925). 
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Kerosene and peroxide were used in the same manner, except that a second film 
was placed under each dish used. While the film on the top of each dish was affected, 
the film under the dish was not affected. At the same time a film was placed on 
top of a lead box having a cut-out design and containing a glass tube of one micro- 
gram of radium solution. This film showed a very definite reproduction of the de¬ 
sign. The same lead box, containing the same radium sample, was inverted and 
placed on a glass plate covering a sensitized film. This also showed a definite repro¬ 
duction of the design. The radium solution showed a very definite reaction through 
the glass plate while the linseed oil, kerosene, and peroxide gave no reaction. 

The photographs made from these negatives show that a definite reaction took 
place on the sensitized film when these substances were directly exposed to it, but 
that the films were not affected w T hen a glass plate was interposed between the sub¬ 
stance and the film except when the radium solution was used. The radium not only 
reacts with the film as in the case of the other substances, but it also reacts when the 
radioactive source is covered with a glass. 

The non-radioactive substances that acted on 
the film were then placed in 2 ounce prescription 
bottles and exposed separately and collectively to 
a Geiger-Muller quantum counter. No reaction 
was recorded by this instrument, which is sensi¬ 
tive to one microgram of radium at one meter 
distance from the counter tube. 

A Rapid Method for Determination 
of Fat Content of Meat* 

In meat dehydration processes it is important 
to control the fat content of the finished product 
The conventional methods for the determination 
of fat require several hours, and they are not suit¬ 
able for control w'ork in commercial establish¬ 
ments. For such work a method must be rapid 
and yet sufficiently accurate to keep the product 
within specified limits; it should also be suitable 
for use with raw and precooked meat as well as 
the dried or partly dried product. The following 
method is submitted for this purpose. 

METHOD 

APPARATUS 

The apparatus consists of a medium or fine 
porosity, sintered-glass filter plate, fused into a 
separatory funnel of about 250 ml. capacity to 
permit repeated extractions without transfer of 
sample (Figure 1). 

DETERMINATION 

A sample of finely ground meat, weighing 5 or 
6 grams, is placed in the funnel, and 50 ml. of 
anhydrous ether is added. The funnel is shaken 
for about 60 seconds, and the ether is drawn off 
into a weighed flask of 250 or 300 ml. capacity, 
fitted with a 24/40 standard taper joint. 1 The ex- 

* By A. J. Ernst (Agricultural Research Administration, United States Department of Agriculture, 
Washington, D. C.) 

1 Equipment of Scientific Glass Apparatus Co., Bloomfield, N. J., was found suitable, condenser 
J 1220 being used. 
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Table 1 . —Comparison of A.O,A.C. method and proposed rapid method 


SAMPLE 

A.O.A.C. 

METHOD 

RAPID 

METHOD 

DIFFERENCE 


per cent 

per cent 


Raw meats 

1635 

14.9 

14.5 

-0.4 

1656 

16.0 

16.9 

+0.9 

1659 

8.9 

9.4 

+0.5 

1672 

7.5 

6.9 

-0.6 

1673 

18.7 

19.0 

+0.3 

1690 

8.7 

8.1 

-0.6 

1636 

10.0 

9.1 

-0.9 

1574 

18.8 

18.4 

-0.4 

1589 

17.0 

16.3 

-0.7 

Precooked meals 

1691 

11.4 

11.2 

-0.2 

1692 

12.8 

12.9 

+0.1 

1694 

14.1 

14.2 

+0.1 

1695 

13.8 

14.0 

+0.2 

Dehydrated meats 

1634 

22.4 

23.4 

+1.0 

1586 

31.1 

31.2 

+0.1 

1633 

38.5 

40.2 

+1.7 

1666 

33.8 

34.6 

+0.8 

1681 

22.9 

23.9 

+1.0 

1696 

22.5 

22.4 

-0.1 

1697 

39.4 

39.8 

+0.4 

1710 

37.7 

37.8 

+0.1 

1730 

12.1 

13.2 

+1.1 

1739 

26.1 

27.1 

+ 1.0 


traction is repeated once with 50 ml. of ether and three times with 30 ml. The 
flask is then connected to a condenser 1 for the recovery of the ether, which is rap¬ 
idly boiled off. The flask that contains the ether extract is placed in a vacuum oven, 
which is kept at 100°C. and under a vacuum of 25 inches for 30-45 minutes. The 
flask is then cooled and weighed. From the difference in weight the percentage of 
fat is calculated. The time required for determination of fat by this procedure is 
1.5-2 hours. 

Raw and precooked meat samples filter readily, and if some dehydrated samples 
are difficult to filter sand can be mixed with the meat sample and suction applied 
to increase filtration rate. After the extracted sample is removed from the funnel 
the filter plate is cleaned by reverse flushing. This procedure effectively removes 
small particles from the sintered-glass filter. 

In Table 1 a comparison is shown between results obtained by the A.O.A.C. 
method and those obtained by the method presented here. The agreement is very 
good in most cases. These results demonstrate the adequacy of this rapid method 
in control work for determinating the approximate fat content of raw, precooked, 
and dehydrated meats. 






BOOK REVIEWS 

Glue and Gelatine. By Paul I. Smith. Chemical Publishing Company, Inc., Brook¬ 
lyn, New York (1943). 145 pages. Price $3.75. 

The book, as the author states is “ . . . written more as a primer for the practical 
man than an enlightened and original book for the research chemist. . . . ” The top¬ 
ics covered are: Early History, Histology of Skin and Structure of Proteins, Chem¬ 
istry of Proteins, Raw Material for Glue and Gelatine, Preliminary Processes, 
Extraction of Gelatine, Filtration, Clarification and Addition of Chemicals, Evapo¬ 
ration, Recovery and Purification of Bone Fat and Skin Greases, Properties and 
Qualities of Glue and Gelatine, Plastics for Gelatine Plant Construction, Application 
of Glue, Gelatine for Photographic Uses, Gelatine in the Food Industry, and Mis¬ 
cellaneous Uses. The book will be useful to persons desiring a brief general descrip¬ 
tion of the subject.—H. R. Kraybill. 

The Dispensatory of the United States of America. The 23rd Edition by Horatio 
C. Wood, Jr., M.D. and Arthur Osol, Ph.D., assisted by Heber W. Young- 
ken, Ph.D., and Louis Gerrhenfeld, D.Sc. J. B. Lippincott Company, Phila¬ 
delphia 5, Pennsylvania. 1943. 1881 pages. Price $15.00. 

Although this work in various editions has been in existence for more than 130 
years, and the publication is commonly called “The United States Dispensatory,” 
it should be understood that the work is privately owned and privately published, 
and that the Government of the United States of America has no part whatever in 
its authorship, ownership, or publication. 

This edition is divided into three parts. Part I includes the drugs described in the 
Pharmacopoeia of the United States, The National Formulary, and the British 
Pharmacopoeia; Part II describes drugs not included in the works mentioned, but 
it also includes a section on diagnostic tests; Part III is devoted to processes, re¬ 
agents, solutions, and tables of the U. S. Pharmacopoeia or the National Formulary. 
The information is intended to be encyclopedic. It includes titles, definitions, 
synonyms, sources of drugs, manufacturing processes, history, chemical constitu¬ 
ents, tests for identity and purity, and assay methods w T here practicable. The in¬ 
formation on dosage, toxicology, incompatibilities, and therapeutic uses is of par¬ 
ticular value to pharmacists and nurses. The sections devoted to the history, prepa¬ 
rations, and marketing of drugs are well written and should be of value to any one 
interested in drugs, if only in a general way. Many drugs that have gone out of use 
or nearly so are described for the historical value of this information. 

Since the 1937 edition of the Dispensatory appeared, the therapeutic properties 
of a new class of drugs have been discovered. These are so-called “sulfa” drugs, and 
a section is devoted to a review of their chemistry and therapeutic properties. Other 
new drugs discussed for the first time are diethylstilbestrol, diodoquin, demerol, 
amylcaine, pentothal sodium, pontocaine, nicotinic acid, nicotinamid, and peni¬ 
cillin. 

The section on vitamins has been revised. Attention is given to the antimalarials, 
quinacrine hydrochloride, and pamaquine naphthoate, and their relative values in 
the treatment of malaria as compared with quinine are discussed. 

Since most states now require every practising pharmacist to have a copy of the 
Pharmacopoeia and the National Formulary in his prescription department, a 
considerable saving in paper and printing costs of the Dispensatory might be made 
by omitting the descriptions of the official drugs in Part I. A statement that the 
drug is official would be sufficient for the pharmacist, and the book would be just 
as useful as it is now. Likewise, most of the tables in Part III could be eliminated, 
since they are copied chiefly from the Pharmacopoeia without useful comment. 
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The section on diagnostic tests is clear, concise, and informative. 

In some respects, the most interesting part, of the Dispensatory is Part II— 
drugs and preparations not found in the U.S.P., N.F., or B.P. This is "The Old 
Curiosity Shop" of the book. Here are the old and the new in medicines; the obsolete 
and the latest fads—with all grades between; the hosts of synthetics invented, tried 
and mostly found wanting; a great variety of plant extractives used as charms, 
cosmetics, medicines, or arrow poisons by the natives of tropical countries; and 
numerous substances, not drugs, which are or may be hygienic or commercial 
menaces. 

The chapter on Clinical Laboratory Reagents in Part III comprises 33 pages. 
It describes the various tests commonly employed in clinical technology in sufficient 
detail for use by the nurse or technician without recourse to other manuals. A new 
and praiseworthy feature is that the running heads and page numbers are printed 
in bold-face type. This sharply differentiates them from the text and should prove 
helpful in finding subjects. An index of over 30,000 entries gives some concept of the 
range and comprehensiveness of the subject matter in this Dispensatory. 

The Dispensatory will continue to be a guide and reference work for the pharma¬ 
cist, the nurse, the clinical laboratory technician, and the student of medical and 
pharmaceutical history. It will be useful to the busy physician who wishes to refresh 
his memory on the newer remedies. Presumably, it will not be very helpful to the 
drug analyst who is on the lookout for the latest critical methods.—L. E. Warren. 






SAMUEL PALKIN 


On the afternoon of May 2, 1943, there was ended in his 54tJi year, the life of 
Samuel Palkin. Death, from a heart attach, carne suddenly and unexpectedly and 
v\as a profound shock to relatives and to many friends in the Department of Agricul¬ 
ture. Dr. Palkin had apparently completely recovered his normal health after a 
siege of virus pneumonia only shortly before, so that the suddenness of his demise 
added to the surprise and shock. 

Dr. Palkin was horn in Kovno, Russia, on Fehiuarv 22, 1890, and was brought, 
to the United States by his parents in JS91. The family settled m Stamford, Con¬ 
necticut, where his first chemical training was obtained under the tutelage of the 
late Frederick 11. (letnian in the local high school. Dr. Palkin would recall with ob¬ 
vious pleasure experiences m Dr. (let.man’s laboratoiv, and it was plain who had 
supplied the inspiration which led him to choose a caieei m chemistry. Dr Palkin 
obtained his Pli B in Chemistry at \ ah* in 1910 and spent tin* next year as a chemist 
in the employ of Tiffany and Company In 1911 he was appointed assistant chemist 
in the Drug Division of the Bureau of Ohemistn of tin* United State's Department 
of Agriculture in Washington, I) C., and the* remaining 32 years of his life* were 
-pent in W ashington in the employ of this Department. There lie took advantage of 
the opportunity of attending night graduate* classes at the* (leorge W ashingfon Uni¬ 
versity and w us awarded the M S degiee from that institution in 1913 and t he Pli. I). 
degiee m 1915. The aw aid of t hi- degree was promptly followed by his mamugc on 
.June* 22, 1915, to Miss Rose* Kpstein, also of Stamford, Connecticut, and Washing¬ 
ton, I). C. 

From 1911 to 191N Dr. Palkin -ei ved with the* Drug Division of tin* Bureau ot 
Chemistiv. lie* then |oined the obi Color Laboiatoiv ol the Bureau of Chemistiv as 
an organic and physical chemist, but ie*tuined to the* Food, Drug and Insecticides 
Division m 1922 Ib*i<* lie* remained until 1929 Hi- outstanding researches m the 
Drug Oontiol and Color lnve*stigation l.aboiatones led to his appointment to the* 
Naval Stores Resear eh Division of the* Bureau of Chemistiv and Soils in 1929 H<*re* 
he* lemumed, and in Febiuarv, 1913, onl\ thie*e* months before lus death, he was 
appointed Chief oi the Naval Store's Research Division. As chief he not onl\ at- 
tendcci to tlie* administrative* duties and actively directed the researeh work of the* 
Division, but be* also maintained a laboratoiv bench at which be* would work when¬ 
ever he* could seize time* from more piessing duties to plav with his own ideas hefoie 
turning them ove*i to his assoeiates t«>i further elevelopme*nt. His important invest l- 
gations upon the* chemical constituents ot tur]>e»ntine* and losin and upon methods 
for analyzing and improving tlie manufacture of naval store's have vastly widened 
these fields of science and technology 

Dr. Palkin was active* to the vciy last. It was characteristic of him that only the 
day before* his death, on Saturday May 1, he eompleted his annual report e>n the 
work of the* Division to the Chief of the Bureau, leaving his affairs entirely m older 
tor his successor lie was author or co-author of more than (K) papers, most of them 
published in the Journals of the* American Chemical Society. Seven patents had been 
issued to Dr. Palkin as invent oi or co-inventor, and more than a dozen were pending 
at the time of his death--all of them assigned to the Department of Agriculture tor 
the free use of the people of the United States. 

An adequate review of the diversified subjects that have been investigated and 
reported upon by Dr. Palkin is beyond the limits of this obituary. 11 is chief contri¬ 
butions were in loin fields, viz. metals, drugs and medicinal products, photosensitiz¬ 
ing dyes, and naval stores produet.s. Some idea of the scope of his work may be ob¬ 
tained from the following excerpts of a few titles of his journal articles and patents: 


“On the Stability of Nitrous Ether”; “The Synthesis of Dicyamine A”; “The Sepa¬ 
ration of Lithium from Other Alkali Metals”; “Azo Dyes from Alkaloids of Ipecac 
Root and Their Identification by Means of the Spectroscope”; “Crystallizeble 
Chavicol from the Oil of Bay”; “The Resin Acids of American Turpentine Gum”; 
“On the Nature of Pyroabietic Acid”; “Vapor Phase Thermal Isomerization of a- and 
0-Pinenes”; “An Efficient Column Suitable for Vacuum Fractionation”; and “A 
Precision Oil Gauge.” 

Following his connection with the Bureau of Chemistry in 1911, Dr. Palkin was 
an almost constant attendant at the annual meetings of the Association of Official 
Agricultural Chemists. His first work for the Association was that of collaborator in 
the report on morphine 1 at the 1912 meeting. In the following year W. O. Emery and 
Palkin presented their paper on “Estimation and Separation of Antipyrin from 
Various Synthetic Products by Means of its Periodide.” 2 This was the beginning 
of a valuable series of “Studies in Synthetic Drug Analysis” by the same authors, 
of which may be cited “Estimation of Antipyrin,”<* “Estimation of Caffeine and 
Antipyrin in Admixture,” 4 and “Periodides of Antipyrine, lodoantipyrine, and 
Pyramidone.” 6 At the 38th and 39th annual meetings of the Association Palkin as 
an Associate Referee on Drugs presented papers on “Methods for the Determination 
of Phenolphthalein” 6 and “Phenolphthalein and Chocolate Preparations.” 7 At the 
41st meeting of the Association Palkin, still serving as Associate Referee, presented 
his “Report on Santonin,” 8 and at the 42nd meeting II. R. Watkins and Palkin in 
continuation of their studies on alkaloids read a paper on “Errors in Analysis of 
Alkaloids Caused by Presence of Fatty Acid and Soap.” 9 This was the last of Pal- 
kin’s numerous contributions to the work of the A.O.A.C. on drug analysis, as 
shortly thereafter he abandoned this field for later researches on dye stuffs and naval 
stores. The last report in which he participated for the Association was a joint con¬ 
tribution by M. B. Matlack and himself at the 50th meeting on “Total Neutral and 
Unsaponifiable Matter in Rosin with Data Relative to Mechanical Methods foi 
their Determination.” 10 

Dr. Palkin contributed importantly to knowledge of the resin acids present in 
American turpentine gum and of the so-called pyroabietic acid. He pioneered in the 
development of chemical methods for the stimulation of gum flow from trees to in¬ 
crease the yield of pine gum. He was a zealous worker and a generous colleague - 
always ready to carry his share of the work and let the credit go. Especially with 
younger men, he was insistent that they be given a, full share of the credit in all 
publications, even if it meant leaving off his own name. Among the outstanding 
characteristics of the man were his faithful devotion and loyalty to his family, his 
friends, and his work. 

Dr. Palkin’s quiet exterior hid a keen sense of humor—the dry kind that sought 
out and poked fun at fallacies in people’s pretensions and showed the funny side of 
each day’s experiences. Often a tense moment in a discussion or conference would be 
broken by a sly joke, spoken with a perfectly blank countenance. The spontaneous 
laugh that would follow the moment of surprise at the apparent irrelevance would 
ease the tension, and the discussion would then frequently be concluded in short 
order. His seeming composure served to cover up his deep feeling for humanity. 
Many of us hear of another’s sufferings or oppressions and are fleetingly sorry, but 
to him each such instance was a personal hurt. Although insistent upon high stand¬ 
ards, he could overlook human foibles and frailty. When it did become necessary 
to reprove a subordinate he could point out the correct way with a parable, so that 
one would hardly know that a reprimand had been administered. 

Inevitably he tried to carry too big a load, but when the pressure of his work 
allowed he enjoyed the opera or a good book. It will probably come as a surprise to 
many who knew him that he wrote poetry. Each birthday, anniversary, or other 



special occasion would bring with it one of his humorous jingles, his own teasing way 
of congratulating friends and family. 

Dr. Palkin was a member of Sigma Xi, The American Chemical Society, the 
American Association for the Advancement of Science, and The Washington Acad¬ 
emy of Sciences, and he was a Fellow of the Institute of Chemists. 

lie is survived by his widow, Hose Fpstein Palkin; a daughter, Harriet Barbara 
Schwartz; a sister, Miss Dora Palkin; and a brother, Dr. J. U. Palkin, all of Wash¬ 
ington, D. C.; ami by a legion of friends and associates. 

C. A. Brownk 
L. A. Goldbutt 
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EARL PERRY CLARK 


The recent death of Dr. Karl P. Clark, a senior chemist of the Division of In¬ 
secticide investigations of the Bureau of Entomology and Plant Quarantine, ic- 
moved from the ranks of the Association of Official Agricultural Chemists one of its 
most efficient members Declining health had obliged him to retire from the active 
duties of his position in May 1943, but the hoped-for recovery failed to ensue. After 
along wasting illness he passed away at his home in Washington on Novembei 7, 
1943. 

Clark was born at Portland, Oregon, on August 2. r >, 1892 Ills first chemical ex- 
peiience was acquired while still a boy in the pharmaceutical laboratory of the 
Spokane Drug Company of Spokane, Washington His duties here consisted in help¬ 
ing to prepare V S. Pharmacopoeia and National Formulary products and m doing 
some analytical work foi which even at this early period he showed a remarkable 
aptitude. In 1912 he began an undeTgraduate course in chemistry at Washington 
State College but left in 191f> to become a chemist aid in tin* Carbohydrate Division 
ol the Bureau of Chemistry. He acquired heie his first experience in preparing the 
rarer sugars and their derivatives. In May 1910, Clark accepted a fellowship at the 
Rockefeller Institute lor Medical Research, where for the next four years he con¬ 
ducted investigations on carbohydrates, nucleic acids, and other physiological 
products. His desire lor varied activity prompted him m 1920 to become an As¬ 
sociate Technologist at the National Bureau of Standards, where he continued his 
research woik on the raiei sugars. He resigned this position in 1922 to take graduate 
work in chemistry at the State Fniversity of Iowa, from w liich he received the degiee 
of M.S. in 1923 and of Ph D. in 1924. 

After acquiring his doctorate Clark worked two >ears as research chemist in the 
Department of Biochemistry at the Fniversity of Albeit a, Edmonton, Canada, 
where he conducted investigations on the hormones of the parathyroid gland In 
December 1920 he accepted a fellowship at t he Bureau of Chemistry in Washington, 
under a grant of the Interstate Cottonseed Crusheis Association, for the purpose 4 of 
investigating the chemistr\ of gossvpol— a toxic organic constituent of cottonseed. 
An attractive opportunity foi studying the chemistry ot other physiologically active 
plant substances induced him in July 1929 to join the staff ol the Division of Insecti¬ 
cide Investigations of the Bureau of Chemistry, where he lemained until 1934, when 
this Division was transferred to the Bureau of Entomology and Plant Quarantine. 
He lemained until his retirement with this Bureau, where he continued his investiga¬ 
tions on naturally occurring insecticidal substances. 

Clark’s first woik' for the Association of Official Agricultural Chemists was a, 
paper presented at its 1931 meeting on “The Vieboek and Sehwappaeh Method foi 
the Determination of Methoxyl and Ethoxy] Croups ”* This contribution was an 
outgrowth of his extensive laboratory experience in determining and orienting the 
methoxyl groups in deguelin, tephrosin, rotcuone, and their derivatives, on the 
chemical constitution of w hich he was then busily engaged. In his examination of 
these and other related compounds, where only minute quantities of material were 
available, Clark made extensive use of micro- and scmi-microanalytical methods. 
His exploration of this field led to the presentation at the Association’s 1932 meeting 
of an important paper on “Microanalytical Methods.” 2 This contribution so im¬ 
pressed the meeting that he was made Referee on Microchemical Methods- an ap¬ 
pointment that he continued to fill during the remainder of his life. His additional 
contributions for the Association to this field are papers on “Semi-micro Determina¬ 
tion of Carbon and Nitrogen,” 3 “Semi-micro Determination of Nitrogen by the 
Dumas Method,” 4 “Semi-micro Determination of Halogens in Organic Com- 



pounds,” 6 “Microchemical Alkoxyl Determinations,” 6 “Microchemical Kjeldahl 
Nitrogen Determinations,” 7 and various other miscellaneous referee reports. 8 A 
paper by Clark and F. Hillig, “Concerning the Dyer Method for the Identification 
and Determination of Volatile Fatty Acids,” 9 was read at the 1937 meeting. 

In his improvement of the delicate mieroanalytical methods Clark devised a 
large number of pieces of microapparatus in the construction of which he showed 
great dexterity and manipulative Hkill. He blew his own glassware, made his own 
microcombustion train, and improved the mountings of his microbalance. Descrip¬ 
tions of new forms of apparatus are included in many of Clark’s papers. More rarely 
he devoted a special note, or short article, to the account of some new laboratory 
device as in his papers on “An Electrically Heated Sand Bath” 10 and “An Elec¬ 
trically Heated Abderhalden Dryer.” 11 Clark’s long work table, with its crowded 
assemblage of apparatus for percolation, distillation, comlmsion, melting point, 
molecular weight, and other miscellaneous operations, gave his laboratory a touch 
of the atmosphere of a Teniers painting. 

With the exception of occasional book reviews for its Journal , Clark’s work for 
the Association was limited to descriptions of new analytical methods and improve¬ 
ments in laboratory apparatus. These subjects represent, however, only a small 
fraction of his total agricultural chemical contributions. He is best known for his 
work on the chemical composition and properties of various organic compounds 
(either toxic or having a possible insecticidal value) that occur in several classes of 
widely distributed plants. Clark’s seven papers on gossypol, five papers on toxicarol, 
four papers on deguelin, three papers on tephrosin, and his series of contributions 
on the composition and toxicity to insects of the natural bitter substances, quassin, 
neoquassin, tenulin, helenalin, picro-toxin, picrasmin, etc., published chiefly in the 
Journal of the American Chemical Society , constitute the most important of his pub¬ 
lications in this field. The last of Clark’s publications is a posthumous book, “Semi¬ 
micro Quantitative Organic Analysis,” with 134 pages and 31 figures, published by 
the Academic Press Inc., 125 East 23rd Street, New York. It is unfortunate that he 
did not live to see a copy of this last work of his productive pen. 

In the prime of life Clark was a man of strong physique. One of his chief recrea¬ 
tions was archery, in which he became highly proficient. With his accustomed at¬ 
tention to detail and manual dexterity he made his own implements—bows from 
personally selected and properly cured specimens of yew and Osage orange woods 
and arrows from carefully turned sticks from the pine, cedar, and fir trees. He was 
well versed in the history and extensive literature of archery and took an active part 
in the tournaments of this sport. He was a member of the Potomac Archers Club. 

For mental relaxation Clark frequently turned to the solace of music. While still 
a young man his participation in choral activities stimulated an interest in the 
opera. Serious study developed this interest into a keen appreciation of the works of 
the great composers, particularly those of Wagner, which were among his favorites. 

Besides the Association of Official Agricultural Chemists, Clark was a member of 
the American Chemical Society, the American Association for the Advancement of 
Science, Association of Biological Chemists, and Sigma Xi. He was married on 
November 25, 1920, to Helen May V reeland, to whom the sympathy of his many 
friends in the Association is extended. 

C. A. Bkowne 
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REPORT ON FILL OF CONTAINER METHODS FOR FOODS, 
DRUGS, AND COSMETICS 

By S. C. Rowe (Food and Drug Administration, Federal Security 
Agency, Washington, D. C\), Referee 

At the 1941 meeting of the Association methods for measuring the fill 
of container of foods, drugs, and cosmetics were' presented in a paper which 
was later published in This Journal , 25, 248. All these methods, which in¬ 
clude volume determination of liquids, semi-solids, and solids (free-flowing 
and non-flowing), in various types of containers, have been used for at 
least 2 years in law enforcement work, and a few of them, such as the 
specific gravity net weight method for determining volume of liquids, 
have been used for many years. Each method has been developed by more 
than one chemist, and necessary modifications have been made from time 
to time. While samples have not been sent out for collaborative study, 
it is believed that sufficient work has been done to warrant their adoption 
as tentative methods bv the Association, and it is so recommended.* It 
is also recommended that they be studied collaborate velv with a view to 
their adoption as official methods at a later date. 


REPORT ON COLORING MATTER IN FOODS 

By C. F. Jahlonski (Food and Drug Administration, Federal 
Security Agency, New York, N. Y.), Referee 

Owing to adverse conditions, the Referee was unable to devote much 
time to the study of the problems recommended by the Association. 

However, a rather comprehensive study was made of the detection of 
minute amounts of FD&C Yellow No. 5 (tartrazine) in alimentary paste. 
This method is based on suggestions made by a member of the* chemical 
staff of the New York City Board of Health laboratory. Many modifica¬ 
tions of the suggested method were necessary to overcome the usual 
difficulties encountered in alimentary paste products. As a result the fol¬ 
lowing method is suggested. 

Place 800 nil. of cold distilled water and 5 ml. of strong ammonia water into a 
liter Erlenmeyer flask and add 200 grams of the unground sample. Stopper flask and 
shake at intervals for 3-4 hours, usually sufficient time to disintegrate the material. 
Use a glass rod to dislodge material caking on bottom. Centrifuge and decant the 
clear supernatant liquid into a liter flask, add a solution of 50 grams of MgS0 4 dis¬ 
solved in 100 ml. of water, 10 ml. of 12% silicotungstic acid and 10 ml. of concen¬ 
trated HC1, shake well, and stand for 1 hour. (This treatment w ill precipitate almost 
all protein matter.) 

Centrifuge and decant the clear solution into a liter casserole. (In the presence of 
a minute amount of color, the solution will appear to be almost colorless.) Place into 


* Voi report of Subcommittee C and action by the Association, see This Journal, 27, 64 (1944) 


231 




232 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXVII y No. 2 


the liquid four pieces of washed wool (about 2"X2") and heat on steam bath until 
the coloring matter is absorbed by the fiber. (Under ordinary conditions, this will be 
accomplished by concentration of the solution to half the original volume.) Remove 
wool and wash with water to free from adhering foreign matter. Transfer wool to a 
125 ml. casserole, add about 25 ml. of water and a few drops of strong ammonia, and 
warm over steam bath to remove the color from cloth. Discard wool. Evaporate the 
alkaline color solution to dryness. To the residue add 25 ml. of water to dissolve the 
dye and filter. (The amount of coloring matter recovered is approximately 40% of 
total.) Divide the solution into two portions; one of 15 ml., the other 10 ml. Place 
the larger portion into a small (50 ml.) casserole, acidify slightly with 11C1, and add 
a small piece of washed wool to absorb the dye. Spot the dyed wool for tartrazine, 
comparing the color with a standard of approximately the same intensity. 

To the smaller portion of the solution, add 2 drops of HC1 and an excess of bro¬ 
mine water. If a precipitate forms at this stage owing to the amount of soluble 
protein matter present, centrifuge or filter off this precipitate to obtain better results 
on coupling. Destroy excess of bromine with about 1 ml. of saturated aqueous hydra¬ 
zine sulfate solution and couple immediately with 1 drop of 1% alcoholic alpha 
naphthol in 5 ml. of 10% aqueous Na 2 C0 3 solution. The formation of orange or pink 
coloring indicates presence of tartrazine FD&C Yellow No. 5. 

R ECO M M E NI) AT IO N S* 

The Referee, therefore, recommends— 

(1) That collaborative work on the proposed method be undertaken. 

(2) That investigational work be conducted on the quantitative sep¬ 
aration and estimation of FD&C Yellow No. 5 (tartrazine) and FD&C 1 , 
Yellow No. 6 (sunset yellow). 

(3) That investigational work be conducted on the quantitative sep¬ 
aration and estimation of FD&C Green No. 2 (light green SF yellowish), 
FD&C Green No. 3 (fast green FCF), and FD&C Blue No. 1 (brilliant 
blue FCF). 

(4) That investigational work be undertaken on the quantitative sep¬ 
aration and estimation of FD&C Yellow No. 3 (yellow AB), FD&C 
Yellow No. 4 (yellow OB), FD&C Orange No. 2 (Orange SS), and FD&C 
Red No. 32 (oil red XO). 

(5) That collaborative work on analytical methods for coal-tar color 
certifiable for use in foods be conducted. 

REPORT ON LACTOSE IN MILK 

By E. R. Garrison (Agricultural Experiment Station, 

Columbia, Mo.), Associate Referee 

Previous reports (This Journal , 22, 489; 25, 603) have shown that the 
volume of protein and fat in 65.8 grams (2 N. weight) of milk varies with 
the composition of the sample and that inadequate allowance for the 
volume of precipitate in the dilution of the milk is an important source 

* For ipport of Subcommittee C and action by the Association, see This Journal, 27, 60 (1044). 



1944] garkison: report on lactose in milk 233 

of error in the optical determination of lactose by the A.O.A.C. method 
(Methods of Analysis , A.O.A.C ., 1940, 271, 16). The double dilution 
method, 1 which theoretically accurately corrects for the volume of precipi¬ 
tate' in each sample, gave lactose values for 59 samples of milk that aver¬ 
aged 0.22 per cent lower than similar values obtained by the A.O.A.C. 
dilution method. For these samples the average volume of precipitate in 
65.8 grams of milk was 5.2 ml., which is twice as much as the 2.6 ml. al¬ 
lowed for the precipitate in the A.O.A.C'. dilution method. 

Collaborative work, as recommended by Committee* C in 1941 (This 
Journal , 25, 68), on the double dilution method for correction for the 
volume of precipitate in the optical determination of lactose' in milk was 
done during the past year by four investigators. Several cans of evapo¬ 
rated milk from the same batch of milk were obtained from a condenserv 
by the Associate Referee, and one can was sent to each collaborator with 
detailed instructions for making the optical determination of lactose by 
the double dilution and A.O.A.C'. dilution methods. Each collaborator 
was also requested to obtain 9 samples of fluid milk of varying fat percent¬ 
ages from local sources and analyze each sample for lactose* by each of the 
above procedures. 

The table shows the collaborative results obtained. The remarks by the 
collaborators are as follows: 

S. F. Hincklv.-— It was difficult to fill the flasks to mark accurately because of the 
loam produced. The percentage differences of lactose found by these two methods 
do not seem to vary with the amount of precipitate. It was noticed in all instances 
that the difference was in the same* direction, specifically indicating that the 2.6 ml. 
allowed for the volume of the precipitate in the A.O.A.C’. method is inadequate. 

Carl S. hergu&ov .— From the work that I have been able to do, I believe that the 
double dilution method is preferable and therefore recommend its adoption. 

The data scoured by the collaborators arc in keeping with the results 
previously obtained by the Associate Referee and referred to at the begin¬ 
ning of this report. The A.O.A.C 1 . method gave lactose values that varied 
from — .01 to .50 and averaged .17 per cent higher than the lactose values 
obtained by the double dilution method on 31 samples of fluid milk and 
one sample of evaporated milk. Three of the collaborators obtained es¬ 
sentially the same difference in lactose values by the two dilution methods 
with the sample of evaporated milk, namely .12, .12, and .15 per cent, 
while the other collaborator secured essentially the same result by each 
dilution method with this milk sample. The amount of lactose found in 
the evaporated milk by the different investigators varied from 4.40 to 
4.09 per cent by the A.O.A.C. dilution method and from 4.28 to 4.10 pel 
cent by the double dilution procedure. The reason for the rather wide 
variation in the results obtained is unknown but experimental error is no 
doubt an important factor. Important sources of error in the optical 

1 Analyst, 21,182 (1896); This Journal, 25, 608 (1942) 
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method that cannot be entirely eliminated are (1) the incorporation of 
air into the curd during the addition of the reagents and (2) the formation 
of foam, which prevents accurate filling of the flasks to the mark. The 
error in the optical procedure that exists because of under dilution in the 

Lactose values obtained by A.O.A.C. and double dilution methods 
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A.O.A.C. method can be eliminated by using the double dilution method, 
or the error in the A.O. A.C. method can be largely eliminated by allowing 
5 ml. for precipitate instead of the 2.6 ml. now allowed in this procedure. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the double dilution method for correction of the volume of 
precipitate in the optical determination of lactose in milk be adopted as 
official, first action. 

(2) That the method be amended to provide that the sample of milk 
for the optical determination of lactose be weighed into the flask instead 
of measured as is now specified on page 271, Methods of Analysis A.O.A.C., 
1940. 

REPORT ON DRIED AND SKIM MILK (LACTIC ACID) 

By Fred Hillig (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee 

At the 1941 meeting of the Association ( This Journal, 25, 602) it was 
recommended that the method for the determination of lactic acid in 
milk and milk products {Ibid., 20, 134) be made tentative. 

In order to study the application of the method when volatile acids 
(formic, acetic, and butyric acids) are present, samples containing these 
acids and also lactic acid in varying quantities unknown to collaborators 
were submitted. Owing to the fact that this work was conducted in con¬ 
nection with the determination of volatile acids it seemed logical to keep 
the results together since this phase of the investigation is applicable to 
the determination of these acids in a number of food products in which 
decomposition has taken place. Therefore, the results will be presented 
in the report on Volatile Acids in Fish and Fish Products (see p. 237). 
It will be noticed that the results with few exceptions are quite satis¬ 
factory. 

It is recommended f that the study of the method for the determination 
of lactic acid be continued with a view to its adoption as official. 

REPORT ON FISH AND OTHER MARINE PRODUCTS 

By H. D. Grigsby (Food and Drug Administration, Federal Security 
Agency, Philadelphia, Pa.), Referee 

Owing to war conditions, the only report submitted since the 1941 
meeting was that of Associate Referee Manuel Tubis {This Journal, 26, 
226). 


* For report of Subcommittee C and action by the Association, see Thu Journal, 27, 63, 88 (1944). 
f For report of Subcommittee C and action by the Association, see This Journal, 27,63 (1944). 
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RECOMMENDATIONS* 

It is recommended— 

(1) That the vacuum oven method presented by the associate referee 
for the determination of moisture in fish be made tentative, 

(2) That the modification of the Yeshchezerov method for the rapid 
determination of moisture be made tentative, 

(3) That the Stansby-Lemon method 1 for the determination of fat be 
made tentative, 

(4) That the Stansby-Lemon rapid semiquantitative method for the 
determination of fat be studied collaboratively, 

(5) That the Kaye-Leibner-Connor method 2 for the determination of 
moisture and fat be studied collaboratively, 

(6) That the methods for the determination of volatile acids and formic 
acid in canned salmon and tuna fish ( This Journal , 21,684,688) be studied 
collaboratively, 

(7) That methods for the determination of volatile bases in fish be 
studied. 

The details of the methods recommended in (1), (2), and (3) follow: 

MOISTURE 

PREPARATION OP SAMPLE-TENTATIVE 

Prepare the sample according to the type as directed under 2 (Methods of Analy¬ 
sis, A.O.A.C. , 1940, 317) and keep the ground material in a sealed jar. 

If the jar has been chilled, allow the samples to come to room temperature and 
shake the jar so that any separated moisture will be removed by the fish. Open the 
jar and quickly stir the contents, thoroughly contacting the sides and lid so as to 
incorporate any separated liquid; weigh approximately 5 grams into a dish, pre¬ 
pared as directed below, cover quickly, and finish the weighing. 

Preparation of dishes. —Fit a lead foil or other foil dish into an aluminum drying 
dish approximately 70 mm. in diameter and 33 mm. high and provided with a well 
fitting cover. Place in the foil dish approximately 20 grams of clean, fat-free, dry 
sand and a 1J inch glass rod with a flattened lower end so that its upper end remains 
clean. Dry the unit at 100°-110°C. for 1 hour, cool in desiccator, and weigh. 

Vacuum Oven Method 

Dry the samples, prepared and weighed as directed above, in a vacuum oven at 
98-100° at less than 25 mm. pressure to constant weight (about 5 hours). Admit dry 
air into the oven until atmospheric pressure is reached, and immediately tighten 
cover; transfer sample to a desiccator, cool, and weigh when room temperature is 
attained. Reheat, and reweigh until loss in weight is 1 mg. or less. 

Rapid Method 

(Results closely approximate those obtained by the vacuum method. Not to be 
used for subsequent fat extraction.) 

Dry the samples at 70°C. (±5°) for 1.5 hours, and then at 130°C. (±5°) for 1 
hour, cool in a desiccator, and weigh. 

* For report of Subcommittee C and action by the Association, see This Journal , 27,62 (1044). 

» Ind . Eng. Chem., Anal. Ed., 0. 341 (1037). 

* J. Biol. Chem., 132, 106 (1040). 
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CRUDE FAT—ETHER EXTRACT 
QUANTITATIVE METHOD 

Into a previously dried thimble in a stoppered weighing tube weigh approxi¬ 
mately 15 grams, to the nearest centigram, of the well mixed sample. Extract for 16 
hours in a continuous extractor, using acetone and replacing the solvent and flask 
with another flask containing fresh acetone after the first 2 hours. Remove the ace¬ 
tone and most of the water by heating on a steam bath. Place the flasks in a vacuum 
desiccator over freshly boiled H2SO4, evacuate, and allow to stand overnight or until 
most of the water has been removed, as shown by the cessation of foaming and the 
disappearance of any water droplets from the sides of the flasks. Dissolve the fat in 
the flask with 35 ml. of anhydrous ethyl ether, mixing the contents well so as to 
remove any fat held by the gummy material, and filter through a medium-porosity, 
8intered-gla8s funnel into a weighed “fat”or “beaker flask,“using a similar flask as a 
counterpoise. Rinse both flasks with each portion of ether, passing them through the 
funnel until the washings are colorless. Evaporate the ether spontaneously or on a 
warm surface and when the odor of ether is no longer detectable, heat the flasks in an 
oven at 100°-105°C. for 1 hour with the counterpoise. Cool in air and weigh. Reheat 
for a second hour, or until loss in weight does not exceed 5 mg., and reweigh. 


REPORT ON VOLATILE ACIDS IN FISH AND FISH 

PRODUCTS 

By Fred Hillig (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee 

The Associate Referee has published several papers 1 ' 2 ' 8 * 4 on the deter¬ 
mination of volatile acids in fish and fish products, wherein it was pointed 
out that such a determination offered a means of detecting decomposition. 
An apparatus that was found suitable for the work and that could be 
easily constructed from material in the laboratory was described. 1 The 
method did not determine the total volatile acid content of a product nor 
did it differentiate between the volatile acids present. Formic acid was 
determined in the distillate by the reduction method. The results were 
expressed as volatile acid number and formic acid number. 

In a later paper 6 a method was proposed by which individual volatile 
acids present could be quantitatively determined. The method utilized 
the apparatus previoulsy described. 1 This method has now been subjected 
to an extensive collaborative study. 

In the proposed procedure distillation data on volatile acids of known 
purity must be obtained on each apparatus. These distillation data are 
necessary for use in setting up the simultaneous equations that are em¬ 
ployed in computing the kind and quantity of volatile acid or acids pres¬ 
ent. The theory and complete description of the method have been 
published. 6 

I Thu Journal, 21, 684 (1988). 

* Ibid., 688. 

' Ibid., 22, 116 (1939). 

* Ibid., 414. 

* Ibid., 25, 176 (1942). 




Table 1 . — Standardization of distillation apparatus 
(Per cent acid distilled in one 50 ml. and three 200 ml. portions of distillate.) 
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Tab lb 2. —Collaborative studies on volatile and lactic acids 
(All results expressed as mg.) 
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Volatile acid solutions (the purity of which was established following the 
procedure previously published 6 ), consisting of approximately 0.1 AT for¬ 
mic, acetic, propionic, butyric, and isobutyric acids, to be used in securing 
the distillation data required on each individual distillation outfit were 
submitted to collaborators. The collaborators were instructed to transfer 
50 ml. of the formic acid solution to the distillation flask of the distillation 
outfit, make to 150 ml. with boiled distilled water, and distil under the 
conditions previously specified, 6 collecting one 50 ml. and three 200 ml. 
portions of distillate, and titrating each portion separately. They were 
then directed to compute the percentage of acid distilled in each portion 
of distillate and to submit the figures to the Associate Referee. This pro¬ 
cedure was to be followed for each acid. In Table 1 these data are pre¬ 
sented. 

It will be noticed that in spite of the fact that different distillation out¬ 
fits were used by different collaborators very close agreement was ob¬ 
tained. It is emphasized at this point that since each outfit will give dis¬ 
tillation data peculiar to that outfit, these data must be obtained on each 
distillation outfit in order that the proper simultaneous equations may be 
set up and solved. 

The next step in the study of the method was to submit solutions con¬ 
taining volatile acids in varying quantities unknown to the collaborators. 
The results are summarized in Table 2. 

A study of the table will show that only in a few instances were results 
obtained that were somewhat out of line with the quantity of acid present. 
When one considers the nature of the determination being made, the re¬ 
sults appear to be very satisfactory. 

Since the ground work for the application of the method to fish and fish 
products (as well as other food products) has now been laid, it is recom¬ 
mended that the work be continued. 

The Associate Referee wishes to thank the following collaborators, all 
members of the Food and Drug Administration, for their splendid cooper¬ 
ation. A minimum of two weeks , time was spent by each collaborator in 
gathering the data submitted in this report. 

Duncan H. Holaday, L. H. McRoberts—San Francisco Station 
William Horwitz—Minneapolis Station 

F. J. McNall, Iman Schurman—Cincinnati Station 
Paul Mills, C. C. Cooley—Seattle Station 

Leslie W. Ferris—Buffalo Station 

C. A. Wood, G. Kirsten—New York Station 

M. Tubis—Philadelphia Station 

H. I. Macomber—Baltimore Station 

C. D. Schiffman—Atlanta Station 

R. D. Stanley—Chicago Station 

G. M. Johnson—St. Louis Station 

L. L. Ramsey, L. M. Beacham, Mae Carstensen—Washington, D. C. 


• This Journal, 26,198 (1943). 



REPORT ON METALS IN FOODS 

By H. J. Wichmann (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Referee 

ARSENIC AND ANTIMONY 

The Associate Referee on Arsenic and Antimony has made no report 
since the last annual meeting owing to other demands on his time. There 
has been no great Association interest in this field of late, but in the 
post-war years it is expected that the subject will need to be taken up 
again. 

While there has been no great progress inside the Association, others 
have not forgotten the subject of arsenic. The Referee has been privileged 
to read a manuscript on an ultra micro Gutzeit method that will be pub¬ 
lished soon. This method is intended for the determination of approxi¬ 
mately one microgram. It incorporates a number of new ideas, one being 
the evolution of hydrogen and arsine in a partial vacuum, the arsine being 
caught on a very small paper disc, which is then processed and compared 
photometrically with photographic standards. The accuracy obtained 
with small quantities of arsenic seems remarkable. The partial-vacuum 
idea appears to be well worth looking into. This paper also poses the 
theory that fresh blood, urine, and expired air contain a “volatile” form 
of arsenic. We have long wrestled with refractory forms of arsenic, but 
here is an instance of just the opposite phenomenon. This poses the ques¬ 
tion: Will nitric acid oxidize and render non-volatile this volatile arsenic 
in fresh biological material? It will be necessary to obtain some answer to 
this question. 

COPPER 

The Associate Referee on Copper made no report owing to a mishap 
in the preparation of the samples for the collaborators. The work, how¬ 
ever, should be continued. It is hoped that a tentative carbamate method 
for copper can be adopted in time for the next revision of Methods of 
Analysis , A.O.A.C. In the meantime interest in all dithizone methods 
for the determination of copper is maintained. The Referee calls attention 
to a recent paper by Bendix and Grabenstetter 1 on this subject. It is his 
recommendation that the study of micro methods for the determination 
of copper be continued, and that as soon as the carbamate method has 
been perfected studies on the “all dithizone method” be inaugurated. 

FLUORINE 

The determination of fluorine has been an active project of the Associa¬ 
tion for a long time. Therefore both referees are pleased to be able to 
recommend a tentative general method for the determination of fluorine 


1 Ind. Eng. Chem. t Anal. Ed., 15, 649 (1943). 
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in foods and a rapid one restricted to the determination of spray residue 
fluorine on apples and pears. The recommendation is based on collabora¬ 
tive work conducted during the last few years. The general method, based 
on the pioneer distillation method of Willard and Winter, has an accuracy 
of approximately one microgram in the micro range. The rapid method, 
based on the work of Kolthoff and Stansby, 2 dispenses with the distillation 
and the fluorine in strong hydrochloric acid is titrated with zirconium 
nitrate solution and purpurin as indicator. It uses the same solutions and 
stripping procedure as do the present rapid lead and arsenic methods for 
spray residue work. This should cut down the cost of fluorine analyses in 
the fruit industry materially. The zirconium-purpurin titration in strong 
acid is not as sensitive as the thorium-alizarin procedure of the general 
method, but it is sufficiently sensitive for the purpose intended, and the 
acid concentration minimizes the effect of most of the interfering elements 
found on fruit. The accuracy of the titration itself is of the order of .001- 
.002 grain per pound. Not all of the fluorine is dissolved from the fruit, 
but it is expected that a fluorine assay on apples or pears by the method 
proposed will recover 95 per cent of the amount present. The analytical 
error is therefore appreciable, but probably considerably less than the er¬ 
ror of sampling. 

The fluorine situation may be described as being in a healthy condition. 
The Referee believes, however, that work on fluorine methods should be 
continued and no opportunities for improvement missed. Because it might 
be a clue to new developments the Referee calls attention to the statement 
in the discussion of a recent paper published in the Analyst , 68,301 (1943), 
that certain dyestuffs, particularly Solochrome Brilliant Blue BS, are 
superior to alizarin as a fluorine indicator. The lake is said to be blue, 
and the color change on titration with thorium was from yellow to blue. 
Moreover, it is claimed that the reaction between thorium, dye and 
fluorine is faster than the analagous alizarin reaction. The structural com¬ 
position of this British dye is not known to the Referee, but he expects to 
receive a sample. When it is at hand some experiments will be started 
promptly. 

LEAD 

The report of the Associate Referee on Lead (This Journal , 26, 26), 
shows a large amount of work accomplished. The photometric method of 
detecting bismuth interference and the simultaneous determination of 
lead and bismuth are worth special mention. The Associate Referee's work 
on urine, especially the part dealing with possible errors in the dithizone 
isolation of lead from phosphatic biological material, should be of par¬ 
ticular interest to biological and pharmacological chemists. This work may 


1 Ind Eng. Chem., Anal. Ed., 6, 118 (1984). 
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have no direct connection with the determination of lead in foods, but it 
has, nevertheless, a direct bearing on the accuracy of our lead methods in 
general, and on the wisdom of including the sulfide separation as an al¬ 
ternative procedure for first isolating the lead in those cases where the 
extractive dithizone isolation may not be applicable, as in phosphatic 
products. In the Refereed opinion, the lead methods are now in a most 
enviable position with respect to accuracy and specificity. 

The problems remaining for attention at this time appear to be few in 
number. It is recommended that the projects listed by the associate 
referee be given attention as soon as possible. Perhaps the time is ap¬ 
proaching when we should allocate to the referees of the various product 
chapters those methods of sample preparation which best fit their particu¬ 
lar project, and leave in the chapter on metals in foods only those parts 
concerning the actual determination of lead itself. 

It is in order to point out that the determination of spray residues 
(arsenic, lead, and fluorine) on fruits and vegetables can now be made on 
different aliquots of the same sample solution. This is a notable advance in 
efficiency and economy when considered in connection with the small 
analytical error of these determinations. The next logical step is to bring 
the sampling error to approximately the same level as the analytical error. 
One way to do this is to increase the size of the sample. The size of sample 
specified in both the current arsenic and lead spray residue methods was 
a compromise between what was desirable and what was practical and 
expedient at the time they were devised. The Referee believes that the 
time has now come for the initiation of some studies designed to answer 
the problem of how to remove the spray residue from larger samples of 
fruits and vegetables before assay. He suggests that a small-scale washer 
on either the churn principle, or on that of a miniature commercial fruit 
washer, might remove the spray residue from a peck to a bushel of apples, 
with other products in proportion. Production of such an addition to 
laboratory equipment would be welcome at this time. 

MERCURY 

The Associate Referee on Mercury made no formal report this year; 
however, the Referee has his assurance that the photometric dithizone 
method described in the last published report has been used with satis¬ 
faction in thousands of mercury determinations in foods and more par¬ 
ticularly in biological samples. The Association is therefore in possession 
of two dithizone mercury methods—one photometric, the other titri- 
metric. The Referee believes that two tentative methods for the determi¬ 
nation of mercury are not necessary. It is recommended that the new 
associate referee study both methods with the final aim of adopting a sin¬ 
gle method, which might be either of these or a combination of both, 
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according to the requirements of different classes of materials. The 
Referee recommends that the lead and fluorine methods be taken as 
models for a mercury method that could be adopted as tentative in time 
for incorporation into the next edition of Methods of Analysis , A.O.A.C. 

SELENIUM 

The last two reports of the Associate Referee on Selenium (This Jour¬ 
nal, 25, 403; 26, 346) contain on the whole satisfactory collaborative re¬ 
sults. The statistical analysis indicates that the 1943 results are much 
better than those of the previous year. This may be largely due to a 
refinement in the description of the method that had been incorporated 
in the interim. The Referee concurs with the associate referee in recom¬ 
mending that the selenium method described in the last report be adopted 
as an official method (first action). 


ZINC 

The Associate Referee on Zinc and his associates have attacked the 
problem of the determination of zinc from a different, if not wholly origi¬ 
nal angle. To avoid possible losses of zinc during ashing operations, they 
revert to a wet oxidation. They thus counterbalance opportunities for 
losses against possible contamination from the glass itself or from a 
greater consumption of reagents. The final choice of sample preparation 
procedure will be a matter of judgment and experience. They also go back 
to older methods for isolation of the zinc by precipitating the acid-insolu¬ 
ble metal sulfides at the start. It is apparent from the results that they 
have been able to accomplish a complete preliminary separation of micro 
quantities of lead and cadmium from the zinc. This is of some importance 
because the close relationship of cadmium to zinc has made previous ef¬ 
forts to remove it by hydrogen-ion control, competitive complex forma¬ 
tion, or buffer action, a matter of some difficulty. Removal of cobalt and 
nickel is effected by non-aqueous solvent extraction of organic complexes 
of these metals that do not interfere with dithizone extraction of the zinc. 
This completes the isolation of the zinc. The extractive determination of 
the zinc from alkaline solutions then follows established methods. Experi¬ 
ments on 10 grams of sample produced recoveries of 97 to 105 per cent. 
Since the sample plus reagent blank amounted to 2.18 p.p.m. the actual 
zinc determined must have been in excess of 20 micrograms. 

The Referee was interested in the 10 p.p.m. of zinc found in Pyrex 
glassware and the approximately 0.25 microgram of zinc found in blank 
determinations. These quantities of zinc will place a limit on the lowest 
quantity determinable from alkaline solutions without undesirable per¬ 
centage errors. Contamination from all sources must be reduced to the 
lowest possible quantity and losses must be severely limited, if accurate 
determinations are to be made on quantities as low as 1-5 micrograms. 
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This may not be so significant on food products, but no doubt will be im¬ 
portant on some biological materials. The Referee recommends that the 
study of zinc determinations be continued and that some work be done on 
the smaller amounts of zinc, as well as on the dithizone determinations 
of zinc from slightly acid solutions. In conclusion, the Referee desires to 
make a reference to the determination of zinc with the naphthol analogue 
of dithizone presented by Cholak, Hubbard, and Burkey. 3 No doubt some 
of the many possible analogues of dithizone may be of future service in 
the determination of many of the so-called dithizone metals. 

HYDROCYANIC ACID 

No report was made on the determination of hydrocyanic acid in 
foods. Since no report has been made for a number of years, it is recom¬ 
mended that this project be dropped until the determination of this 
fumigation residue again becomes of more general interest. 

RECOMMENDATIONS* 

It is recommended— 

(1) That studies on the determination of arsenic and antimony be tem¬ 
porarily suspended, to be taken up again on the call of the Referee when 
the opportunity for such work again presents itself. 

(2) That work on the micro determination of copper be continued. 

(3) That the general method for the determination of fluorine in foods, 
and the rapid method restricted to the determination of spray-residue 
fluorine on apples and pears, as described by the associate referee, be 
adopted as tentative. 

(4) That studies on methods for lead in special products be continued. 

(5) That studies be begun on methods for removing spray residues 
(arsenic, fluorine, and lead) from larger samples of fruits and vegetables 
in connection with the rapid determination of such residues. 

(6) That an associate referee be appointed to study the two mercury 
methods before the Association, and to make a recommendation for a 
combination of the two or the elimination of one. 

(7) That the selenium method recommended by the associate referee 
be adopted as official (first action). 

(8) That work on a micro method for the determination of zinc be con¬ 
tinued. 

(9) That work on the determination of hydrocyanic acid in foods be 
dropped. 


» Ind. Eng. Chem.. Anal. Ed., 15, 754 (1943). 

• For report of Subcommittee C and action by the Association, see 


Thu Journal, 27, 60, 90 (1944). 
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REPORT ON FLUORINE 

By P. A. Clifford (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Associate Referee 

Results of 13 collaborators on 6 samples are tabulated and discussed in 
the Associate Referee's last report on fluorine (1). A further set of col¬ 
laborative figures on these samples by W. Machle, E. Largent, and I. Fer- 
neau of the Kettering Laboratory, received too late for inclusion in the 
report, fell in closely with the general averages. It was noted that col¬ 
laborators obtained an average recovery of 99.2 per cent on Solution A 
(a pure solution of sodium fluoride, titrated directly without previous dis¬ 
tillation) and only 93.0 per cent on Solution B (a similar solution with 
added sulfate and phosphate interference, in which it was necessary to 
isolate the fluorine before titration by means of a perchloric acid distilla¬ 
tion). On the sample of port wine, with 5.00 p.p.m. added fluorine, a 
low average result was also obtained (94.2 per cent). 

Such recoveries might indicate that the titration procedure used was 
satisfactory and that the low recoveries resulted from incomplete evolu¬ 
tion of fluorine in the distillation. It now appears, however, that the titra¬ 
tion itself was probably at fault, and re-examination of the thorium nitrate 
titration procedure in the light of the experience of many investigators 
reveals several possible sources of error. Most of these have been discussed 
in a previous report (2). 

In this report it is pointed out that when dealing with somewhat smaller 
quantities of fluoride than did Willard and Winter (3), the original au¬ 
thors, the microtitration of the fluoride ion can not be compared, for 
instance, to the Mohr titration of chloride with silver nitrate solution and 
potassium chromate indicator. The alizarin-red indicator used in the 
microtitration of fluoride does not provide an abrupt color change at the 
equivalence point of thorium and fluorine, but color changes at the 
“end point” involve an equilibrium condition between fluorine and tho¬ 
rium and indicator and thorium. The end-point change is affected by many 
factors, among them being pH, salt concentration (especially of the alkali 
metals), the titration medium, concentration of indicator, temperature, 
etc. Still, it has been the usual custom to regard the titration of fluorine 
as a “precipitation-titration,” and the fluorine equivalent of standard 
thorium solutions used almost invariably has been determined by titrat¬ 
ing known quantities of fluoride (usually NaF, which is readily obtained 
pure) to an end point with alizarin under supposedly standard conditions. 

Fluorine distils as fluosilicic acid under the conditions of the Willard- 
Winter distillation. After neutralization of a distillate and adjustment of 
pH to the proper point, the salt concentration of the resulting solution is 
not comparable to that of a solution of pure sodium fluoride containing 
an equivalent amount of fluoride. Hence, standardization of thorium 
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solution with sodium fluoride and determination of fluorine in a distillate 
with the resultant factor may not be a logical procedure for the micro¬ 
determination, especially as it is known that very small quantities of alkali 
ion can affect the titration. It has been the experience of chemists other 
than the Associate Referee that dilute silieofluoride solutions “do not 
titrate like the simple fluorides.” The silica constituent very possibly may 
add a further complication. 

Standardization of thorium nitrate solutions against the distillates from 
known amounts of pure fluoride may be a practical way out of the diffi¬ 
culty, but it does not solve the basic troubles involved. 

The back-titration procedure developed by Dahle, Bonnar, and Wich- 
mann (4), has both practical and theoretical advantages; by eliminating 
the distillate evaporation step it avoids complications resulting from the 
neutralization and evaporation of distillates (5) and saves the time in¬ 
volved in this process. It is, of course, possible to handle the total volume 
of a distillate when small quantities of fluorine are determined by the 
neutralization and evaporation process, but the back-titration procedure 
involves little loss of sensitivity in such cases if 100 ml. tail-form Nessler 
tubes, which permit the handling of aliquot volumes up to 90 ml., are used. 

This modification of the thorium nitrate titration has passed through 
several stages since it was proposed. These are discussed in the order of 
their proposal, as follows: 

A .—The original procedure (4) called for transfer of a distillate aliquot 
to a Nessler tube, and after the addition of 1.00 ml. of a 0.01 per cent solu¬ 
tion of alizarin red, neutralization with 0.05 N sodium hydroxide to the 
transition point of the indicator. A “blank” tube with the same amount 
of indicator in a volume of distilled water corresponding to the aliquot 
taken was also provided. Then 2.00 ml. of 0.05 N hydrochloric acid was 
added to each tube (resultant pH at mark = about 2.75), and to the sample 
tube was added a dilute thorium nitrate solution to the end point of the 
indicator. This same volume of thorium solution was then added to the 
comparison tube, and the more highly developed resultant lake was 
bleached to an exact color match with the sample tube (when both were 
diluted to volume) by adding a measured volume of standard sodium 
fluoride solution. The fluorine content of the sample tube was considered 
to be equal to the quantity added to the blank tube in producing a match. 
The advantage of having a ready reference end point, which could be 
duplicated with delicacy under the same conditions, is apparent. However, 
it soon became evident that this procedure tended to yield slightly high 
results (6). This error was ascribed to the effect of alkali ion, introduced 
during the distillate neutralization, which prevented full development of 
the thorium-alizarin lake. Hence, slightly more than the theoretical 
amount of standard sodium fluoride solution was required to bleach to a 
match the fully developed lake in the comparison tube. 
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B. —In the last reference cited (6), a modification designed to eliminate 
this source of error is suggested. The acidity of the distillate was deter¬ 
mined by titration of a suitable aliquot with 0.05 N sodium hydroxide. 
Another aliquot was placed in a Nessler tube for the fluorine titration, 
and its total acidity was adjusted to the equivalent of 2.00 ml. of 0.05 N 
acid in the 50 ml. tube by adding the proper amount of normal hydro¬ 
chloric acid (or perchloric acid). The titration was then conducted as 
before. The details have been published (2), and a further refinement has 
been the use of a little hydroxylamine hydrochloride (7) in both tubes to 
discharge possible traces of chlorine liberated during the distillation due 
to slight decomposition of perchloric acid. (The quantity of hydroxyla¬ 
mine used was later increased.) With this modification of the back titra¬ 
tion procedure it is noted that no alkali ion whatever is present in the 
sample titration tube, whereas Na+ ion is introduced into the blank 
tube when the back-titration with standard sodium fluoride solution is 
applied. The above statements indicate that the sodium ion, introduced 
with the standard fluoride in the titration, might possibly have an inde¬ 
pendent effect in coagulating or bleaching the thorium lake. This would 
lead to slightly low results. Such an effect was in fact found (7). 

C. —An attempted refinement in this “acid substitution” procedure, or 
titration without distillate neutralization, involved a rough standardiza¬ 
tion of the thorium solution used against the standard fluoride solution. 
Then graphical relationship between the two solutions indicated approxi¬ 
mately how much fluorine was present in the sample or “unknown” 
tube, and slightly less than this amount as standard sodium fluoride solu¬ 
tion was mixed into the comparison or “blank” tube before the addition 
of any thorium solution. After the addition of the same amount of tho¬ 
rium solution as was added to the sample tube, only a slightly redder lake 
color was produced, and this was subsequently bleached to an exact 
match with additional small amounts of the standard sodium fluoride 
solution. It was intended by this modification to develop the lake in each 
tube in an approximately similar manner and thus to increase the ac¬ 
curacy of the titration. Such a procedure was used in obtaining the results 
on Solution A, described previously, where no distillation and resultant 
“acid compensation” were involved. However, and as noted, when the 
modification was applied to the distillates from fluoride solutions, the low 
results for Solution B were obtained. Apparently the modified procedure 
still fails to take into account the effect of alkali ion added along with 
the standard fluoride, and the low results on distillates are logically 
ascribed to the same source of error as appears in modification B . 

Thus, neither modification B nor C allows for identical conditions 
of fluoride combination and salt concentration in both tubes, and these 
factors seem to be prerequisites for accurate results. The good results on 
Solution A can be reconciled with the low results on distillates from other 



1944] CLIFFORD I REPORT ON FLUORINE 249 

samples when these differences in the titration of a pure solution and of a 
distillate are considered. 

D. —Thus, a further modification based upon the following reasoning 
was attempted. Knowing that fluorine distils as fluosilicic acid, the Associ¬ 
ate Referee decided to neutralize the distillates before titration to ap¬ 
proximately the pH of very dilute potassium fluosilicate solutions with 
standard potassium hydroxide and thus, presumably, to convert the 
evolved fluoride to potassium fluosilicate. The indicator used was a dilute 
alcoholic solution of p-nitrophenol, which becomes noticeably yellow at 
rather low pH (about 5.5) and is colorless at the pH of the back-titration 
(2.75). (As determined by the glass electrode, the pH of pure solutions 
of potassium fluosilicate were as follows for various concentrations of 
fluorine: 0.5 mg./ml. ==3.40; 0.01 mg./ml. =3.77; 0.005 mg./ml. =4.00.) 
Excess distilling acid (perchloric) is also neutralized at the same time, and 
in fact much the greater part of the alkali used in the neutralization is 
consumed by these traces of acid when small quantities of fluorine are 
distilled. Because distillates that had been allowed to stand for a time 
before neutralization (2 hours to overnight) appeared to show a diminish¬ 
ing fluorine titer, the practice was adopted of adding 1-2 drops of the 
p-nitrophenol indicator to the receiving flask at the beginning of the dis¬ 
tillation and maintaining the distillate alkaline (faintest perceptible 
yellow) by the continued measured addition of 0.05 N potassium hy¬ 
droxide at such a rate that the distillate was made alkaline, within one 
drop of alkali, as it came to mark. An aliquot of the neutralized distillate 
was selected for the back-titration as usual, and in order to compensate 
reasonably well for the amount of alkali ion added in the distillate neu¬ 
tralization, a corresponding amount of standard potassium salt (KC1 or 
KCIO 4 , which, as the disturbing influence is the K + ion, are interchange¬ 
able for the purpose) was added to the blank or comparison tube. The 
acidity was then adjusted by the addition to both tubes of the proper 
amount of 0.05 N hydrochloric acid, and the titration was conducted with 
a standard solution of pure potassium fluosilicate (instead of NaF) as the 
reference solution. The modification outlined in C, above, in which the 
greater part of the fluoride solution needed in the back-titration was 
added to the comparison tube before the addition of thorium solution, 
was retained. 

As has been noted, results for both Solution B and the wine sample 
mentioned in the Associate Referee's last report (1), were low, and it was 
decided to repeat this work and to use modification D of the titration. It 
was hoped to ascribe the low results to improper titration technic rather 
than to losses in the distillation. Accordingly, corresponding samples were 
sent to collaborators for further study: one sample was a pure potassium 
fluosilicate solution containing 15.0 mg./liter of fluorine (Solution C), to 
which had been added sulfate and phosphate interference; the other 
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sample was a wine (0.2 p.p.m. “natural” or blank fluorine)* to which had 
been added 7.0 p.p.m. of fluorine (weight/volume) as potassium fluosili- 
cate. Analysis of both samples involved a distillation procedure, and 
analysis of the wine sample involved, in addition, the application of the 
ashing technic, with lime fixation, before the distillation and titration. 
The wine sample was of the high-sugar type, which has been known to 
cause problems of fluorine retention when the ashing procedure has been 
applied (7). Collaborators were asked to report on a weight per volume 
basis, and results are given in the first two columns of Table 1. 


Table 1.— Average results of collaborators on fluorine 


ANALYST* 

BOLUTION C 

WINK 

“strip*’ 1 

“strip” 2 


p.p.m. 

p.p.m. 

gr./lb. 

gr./lb. 

J. L. Hogan 1 

14.6 

8.0 

.018 

.039 

H. M. Risley* 

13.5 

7.2 

.019 

.041 

H. M. Bollinger 3 

14.1 

6.9 

.017 

.038 

A. W. Hanson 4 

14.9 

6.4 

.016 

.039 

S. H. Perlmutter 4 

14.9 

6.5 

.015 

.040 

J. B. Snider 4 

14.7 

6.5 

.016 

.041 

C. R. Joiner® 

14.8 

7.0 

.018 

.040 

P. A. Clifford® 

14.9 

7.1 

.017 

.040 

General average 

14.55 

6.95 

.0170 

.0398 

Contained 

15.0 

7.2 

.018 

.042 

Per cent recovery 

97.0 

96.5 

94.4 

94.8 


* Address—U. S. Food and Drug Administration, at: l New York; ^Seattle; *Los Angeles; ‘Minneapolis; 
• St. Louis; 4 Washing ton, D.C. 


Average results on both Solution C and the wine sample are consider¬ 
ably better than those obtained last year on similar samples, and modifi¬ 
cation of the titration procedure is believed responsible for this improve¬ 
ment. Work by the Associate Referee on the distillation and titration of 
pure fluoride salts also yielded better recoveries with this technic than had 
heretofore been obtained. 

The details of the revised titration procedure and also those of the sam¬ 
ple preparation and distillation technic used in obtaining these and previ¬ 
ous collaborative results have been published as a proposed general 
tentative method for fluorine (8). 

The use of potassium fluosilicate as a standard in the titration made 
necessary the preparation of the pure compound. It was found that the 
salt as usually purchased contained a large proportion of potassium 
fluoride. Purification by recrystallization was impracticable because of 
low solubility, but it was found that a pure product could be obtained 
by the steam distillation of fluosilicic acid from an acid mixture of 
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fluoride and silica, and the collection of the distillate in potassium chloride 
solution. The precipitated potassium fluosilicate was washed free of 
chloride by centrifuging down with repeated portions of water, collected, 
and dried (8). The purity of the product has been determined both by 
means of a Traver8 , titration (9) and by a gravimetric conversion to 
potassium sulfate. An entirely pure product was not obtained with a glass 
condenser, as the evolved fluosilicic acid etched the glass noticeably and 
carried traces of silicate into the receiver; however, by the use of a plati¬ 
num condenser a product yielding the theoretical titer by the Travers’ 
titration and a 99.80 per cent figure for purity by the sulfate conversion 
was secured. (A portion of this product was furnished collaborators for 
the preparation of the standard solutions used in the present study.) 
Hence, while a good product can be obtained from glass, it is advisable not 
to accept it as gravimetrically pure, but to correct the weight taken in 
the preparation of standard solutions by a factor derived from the average 
of the above two methods of assay. G. L. Keenan (10) points out how 
silica, being doubly refracting and crystallizing in the trigonal system with 
significant refractive indices of n t = 1.553 and n u ==1.544, is easily detected 
in the silicofluoride, which is singly refracting, crystallizing in the iso¬ 
metric system with n = 1.339. The purest product the Associate Referee 
was able to obtain, even with use of a platinum condenser, revealed a 
slight silica impurity, which could hardly be detected by ordinary analyti¬ 
cal methods. 

The general technic of the fluosilicic acid evolution of fluoride by means 
of an acid distillation has not been appreciably modified since it was orig¬ 
inally proposed by Willard and Winter. Various forms of distilling ap¬ 
paratus have been proposed from time to time, but it is doubted if they 
have any significant advantage over the simple Claissen still employed by 
the original authors. However, use of all-glass apparatus of the Claissen 
type eliminates the need for rubber stoppers, an advantage when per¬ 
chloric acid is employed as the distilling acid, and use of all-glass systems 
usually results in a lower “distillation blank (7).” Elaborate still traps are 
to be avoided in ordinary work because, while they aid in securing a low- 
acid distillate, their use promotes excessive refluxing and inefficiency in the 
distillation. 

In certain cases, however, the use of an efficient trap may be helpful. 
In the Associate Referee’s last report (1), it was mentioned how one in¬ 
vestigator, W. E. Stokes, had privately stated that efficient trapping of 
the still eliminated traces of phosphoric acid in the distillate and thus 
made possible a fluorine determination on samples of phosphoric acid and 
food phosphate with only one distillation. Heretofore, a double distillation 
with intervening neutralization and evaporation of first distillates had 
been employed. As it was recognized that such a “short-cut” had con¬ 
siderable merit, investigations with low fluorine phosphoric acid and phos- 
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phates were conducted with a special still built according to the descrip¬ 
tion given by Stokes. This was an all-glass Claissen type with the upright 
portion of the side-arm fitted with a bulb containing several dozen Pyrex 
beads. The inlet and outlet tubes of this trap were further bent in the 
manner of a Kjeldahl distillation bulb. In order to provide close control 
of refluxing, as well as of distillation temperatures, this bulb was enclosed 
in a jacket which could be held at any desired temperature, indicated by 
an inner thermometer, by means of a stream of air from the bench jet, 
heated by passing through a glass tube with an inner coil of resistance 
wiring controlled by a variable transformer. Before distillation the beads 
in the inner or scrubber bulb were always wet with a little of the distilling 
acid to supply a liquid acid phase. 

It was found that 20.0 ml. portions of sirupy phosphoric acid could be 
distilled at 135°C. without the appearance of phosphoric acid in the dis¬ 
tillate provided the scrubber jacket was unheated. If the scrubber was 
maintained at 125° (with the boiling mixture in the still at 135°), small 
quantities of phosphoric acid were distilled over, and progressively larger 
quantities appeared at higher reflux temperatures. It was determined that 
as small a quantity of phosphate (PjOt) as 25 micrograms interfered in 
the titration of fluorine, giving results about 2.0 micrograms high when 
25.0 micrograms of fluorine was titrated in the presence of various quan¬ 
tities of this interference. It was likewise found that distillates could be 
easily tested for the presence of interfering phosphoric acid by adding 5 
ml. of a 1+9 dilution of Schricker’s reagent (11) to 45 ml. of distillate in 
a 50 ml. cylinder, immersing in the steam bath for 10-15 minutes, and 
examining for the appearance of a blue or blue-green color (comparing 
against a blank) by looking down the length of the cylinder. Distilled 
fluoride in the quantities apt to be encountered in food work would hardly 
affect the delicacy of this test (12). 

Because it was found to be impracticable to heat the scrubber, and be¬ 
cause use of the unheated scrubber, coupled with the poor relative effi¬ 
cacy of phosphoric as a distilling acid, caused slow evolution of fluorine, 
it was necessary to collect much larger volumes of distillate than the usual 
159-200 ml. (upwards of 500 ml. at 135°) before quantitative recoveries 
were approached. Similar observations were made when calcium phos¬ 
phate samples were dissolved in and distilled from an excess of perchloric 
acid. However, the advantage of a single distillation, which eliminates a 
great part of the time and labor involved in a double distillation, is still 
apparent. 

To test the practicability of the single distillation with phosphatic 
materials, two samples were sent to W. E. Stokes for assay by this technic. 
One was a sample of reagent phosphoric acid which had been steam dis¬ 
tilled at 135°C. until fluorine free, then treated with pure sodium fluoride 
solution equivalent to 12.5 micrograms/ml.; the other was a portion of 
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the dicalcium phosphate used as a collaborative sample the previous year 
£1) and in the analysis of which the laboratory of W. E. Stokes did not 
participate. Results by R. L. Danielson with the single distillation technic 
on these samples were 11.6 micrograms/ml. of fluorine on the acid sample 
and 12.8 p.p.m. on the phosphate. In the latter case the true fluorine 
content was unknown, but the average of 12 former collaborators was 
11.9 p.p.m. by a double distillation procedure. The higher result might 
well be the more nearly correct one. (The Associate Referee’s figure on the 
phosphoric acid was 11.4 p.p.m. when 300 ml. of distillate was collected.) 
Twenty milliliters of the sirupy acid was taken for the analyses and dis¬ 
tilled directly at 135°, and 10 grams of the phosphate with 20 ml. of per¬ 
chloric acid was taken for the other sample. The volume of distillate col¬ 
lected in both cases was 400 ml., and tests with the Schricker reagent were 
conducted on 40 ml. portions of distillate to check for the presence of inter¬ 
fering phosphate. Danielson reported a trace of phosphate (5 micrograms 
P20 6 ) in 40 ml. of the distillate from one 20 ml. sample of the phosphoric 
acid. This is hardly enough to interfere, and none was found in other dis¬ 
tillates. Titrations were conducted with a standard solution of potassium 
fluosilicate according to modification D of the titration procedure. The 
still used by this collaborator was described as adapted from a 125 ml. 
Claissen flask with a simplified scrubber consisting of 12-13 grams of 
6 mm. hollow glass beads, supported by several Vigreaux indentations, 
built into the side-arm. The bead column was capped by placing over it 
the bottom £ inch of a 15 mm. test tube, and the upper part of the side- 
arm was sealed off immediately above the outlet tube leading to the con¬ 
denser. 

Such results demonstrate the practicability of a fluorine assay upon 
phosphatic materials with one distillation provided special equipment is 
used, larger volumes of distillate (at least 400 ml.) are collected, and tests 
for the presence of interfering phosphate are made. However, the use of 
the glass bead scrubber is contraindicated, in ordinary work, because of 
the reason indicated. With the special jacketed apparatus built by the 
Associate Referee, only about 88 per cent recoveries were obtained in 150 
ml. of distillate, with an unheated scrubber, when known quantities of 
fluorine were distilled from perchloric acid at 135°C. However, close to 
theoretical recoveries were obtained in only 100 ml. of distillate when the 
scrubber temperature was held at 125°, and distillate acidities still re¬ 
mained quite low. This would represent some saving in time, but it is 
doubtful whether the complications introduced by the use of such an 
apparatus are worth while. Good results are obtained from the simple 
Claissen still; however, a wise precaution, observed in obtaining the col¬ 
laborative figures given in Table 1, is the sealing off of the side limb of 
the Claissen flask immediately above the outlet tube to prevent pocketing 
and excess refluxing of distillate. The simpler stills, in the Associate 
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Referee’s experience, are the most efficient, and very good results have 
been obtained with ordinary 100 ml. Pyrex or Vycor distillation flasks 
when known quantities of fluorine were distilled. (No advantage resulting 
from the use of Vycor was noted, either in still efficiency or size of the dis¬ 
tillation blank.) However, more adequate trapping than is provided by 
a simple distillation-type flask is usually necessary to prevent spraying 
over of distilling acid, especially when carbonate-containing ash samples 
are acidified in the still before the distillation. The still should employ a 
clean straight-tube condenser, no longer than is necessary for adequate 
cooling. 

The precaution of cleaning the still with hot 10 per cent sodium hy¬ 
droxide between runs is retained. This is especially important when 
siliceous samples have been distilled. In addition, it has been found that 
fuming out of a still with boiling sulfuric acid before runs appears to pro¬ 
mote better recoveries and to minimize and render constant the distilla¬ 
tion blank.. This acid treatment may be necessary only occasionally if the 
still is in constant use, but it is helpful if it has not been used for some time. 
The use of a Wood’s metal bath in conjunction with adequate shielding of 
the flask (7) is effective in the securing of a low acid distillate. A possi¬ 
bility, however remote, is that a flask may crack during a distillation and 
release the hot perchloric acid into the molten bath. For this reason flasks 
should be closely examined for cracks, and care must be taken that the 
metal is not too hot before a cold flask is immersed in the bath. 

The use of a lime fixative is retained in the general ashing method of 
sample preparation. Details of this method and precautions to be observed 
in special cases during the sample preparation are given in the published 
part of this report (8). 

A method for the analysis of fluoride spray residues on fresh fruits was 
mentioned in the last report (1). Subsequent collaborative trial of the 
method appears to prove its merit as a routine spray residue procedure, 
and experimental details are also given in the published part of this report 
along with the general fluorine method (8). Results of collaborators are 
listed in Table 2. The samples analyzed were portions of the hydrochloric 
acid-acidified and filtered “strip solutions” (13) of unsprayed apples to 
which had been added the indicated quantities of fluorine as gr./lb. on a 
1400 gram sample weight basis plus contaminants as indicated. The 
fluorine, as pure sodium fluoride solution, and contaminants were added 
to the alkaline strip solution before acidification and filtration. 

Recoveries are noted to be close to theoretical, tending slightly low. 
Further collaborative results on two more samples (undertaken a year 
later after very slight revision of the procedure) are given in the last two 
columns of Table 1. Added fluorine was on the same basis as that of a 
1400 gram sample, and as the apples used were excessively dirty and 
heavily “stripped” no extra interferences were added. Results tend some- 
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Table 2. —Results of collaborators—spray residue method 


Sample No. 



1 

2 

3 

4 

F added (gr./lb.) 


.008 

.048 

.035 

.022 

Contaminants (mg./ 

500 ml. alkaline 
“strip solution”) | 

SO* 

P 2 0 6 

Fe 

A1 

none 

100 

25 

10 

200 

none 

none 

5 

100 

100 

none 

50 

100 

200 

5 

none 


[A. K. Klein 1 

.0055 

.0475 

.0320 

.0215 

Average 
results of 
collaborators 
(gr./lb.) 

A. J. Cox 6 

.0073 

.0493 

.0330 

.0247 

P. A. Mills* 

.0080 

.0505 

.0305 

.0195 

H. M. Bollinger* 

J. F. Weeks, Jr. 6 

.0038 

.0075 

.0496 

.0430 

.0371 

.0330 

.0215 

.0230 

J. L. Hogan 6 

.0096 

.0500 

.0365 

.0206 


^P. A. Clifford 1 

.0067 

.0467 

.0329 

.0213 

Average results (gr./lb.) 


.0069 

.0481 

.0336 

.0217 

Per cent recovery 


86 

100 

96 

99 


Addre9»— U. 8. Food and Drug Administration, at: Washington, D. C.; ‘Seattle; *Los Angeles; 4 New 
Orleans; ‘New York; ‘Bureau of Chemistry, State Department of Agriculture, Sacramento. 


what low, but the method, on account of flexibility and speed, appears 
adequate for a rapid assay of fresh fruit for spray residue fluorine and is 
accordingly proposed as a tentative procedure. Its principle has been suc¬ 
cessfully applied, with only slight modification of experimental details, 
to the analysis of fresh leafy vegetables for residue fluorine. 

Thus, two methods have been presented for the consideration of the 
Association, a general procedure and another designed specifically for the 
spray residue determination (8). The general plan has been to establish 
methods similar in scope to the ones for lead, but not to exclude further 
work on other methods or their modifications, which may later be found 
superior from the standpoint of accuracy and simplicity. An effort has 
also been made to correlate and condense much scattered information 
into a connected method for fluorine that will be applicable to most food 
products. The efforts of many investigators are represented. This arrange¬ 
ment may be at some expense of space, but it will be to the advantage of 
the analyst in following the procedure. 
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REPORT ON FOOD PRESERVATIVES AND ARTIFICIAL 

SWEETENERS 

By W. F. Reindollar (State of Maryland Department of Health, 
Baltimore, Md.), Referee 

Benzoates and Esters of Benzoic Acid 

Associate Referee .—E. W. Boyce, Massachusetts State Health Depart¬ 
ment, Westfield, Mass. 

Recommendations of Subcommittee C, 1941. —“(1) That studies be con¬ 
ducted on methods for the determination of benzoate of soda in foods. 

“(2) That methods for the determination of the esters of benzoic acid 
be studied.” 

Report. —Owing to circumstances existing in his laboratory the Associate 
Referee was unable to start the problem until August 1943. He experi¬ 
mented with the NicholPs test for the determination of less than 5 mg. of 
benzoic acid, which is based on the assumption that under standard con¬ 
ditions 12 per cent of the benzoic acid present is converted to salicylic 
acid, which is then determined colorimetrically against a standard solu¬ 
tion of salicylic acid by means of the ferric chloride reaction. He believes 
this test shows promise, but suggests one or two modifications, the chief 
one of which is the preparation of standards by oxidizing known amounts 
of pure benzoic acid rather than employing salicylic acid. This would 
insure that any unknown factor or deviation that might occur would in¬ 
fluence both sample and standards to an equal extent. 

No work was done on the esters of benzoic acid. 

The Referee recommends that the subject be continued.* 

Saccharin 

Associate Referee. —William F. Reindollar. 

Recommendations of Subcommittee C, 1941.—“That studies be continued 
on methods for the detection and determination of saccharin.” 

Report. —The Associate Referee requested two laboratories to make pre¬ 
liminary determinations of saccharin in ginger ale by the proposed method 
(This Journal , 25, 369), in order to become familiar with the technic and 


For report of Subcommittee C and action by the Association, see Thu Journal, 27,62 (1644). 
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the apparatus employed. Neither laboratory was able to comply with this 
request, one because of the lack of a sublimator, the other owing to a 
shortage of personnel. The only work the Associate Referee has done has 
been to employ the method on several official samples. 

The Referee recommends that the proposed method for the determina¬ 
tion of saccharin be submitted to collaborative study. 

Sulfur Dioxide 

Associate Referee .—C. E. Hynds, State Department of Agriculture and 
Markets, Albany, N. Y. 

Recommendations of Subcommittee C , 1941 .—“That an associate referee 
be appointed to study methods for the determination of added sulfur 
dioxide compounds in comminuted meats, which methods will take into 
account the oxidation of such compounds to sulfates after their addition 
to the meat.” 

Report .—In 1942 the associate referee developed a method for the deter¬ 
mination of sulfur dioxide in meat which was quite similar to the Monier- 
Williams method and which he believed gave higher results. The method 
did not, however, measure the sulfur dioxide which had been oxidized to 
sulfate. As this loss may be considerable, particularly after a holding pe¬ 
riod such as occurs when samples are being shipped to the laboratory, 
the Referee requested that search be made for a procedure that would 
include these losses. Ashing and “soaking-out” procedures have been 
tried to this end but, so far, have not proved successful. 

The Referee recommends that this study be continued. 

Monochloracetic Acid 

Associate Referee. —J. B. Wilson, Food and Drug Administration, Fed¬ 
eral Security Agency, Washington, D. C. 

Recommendations of Subcommittee C, 1941 .—“That studies of methods 
for monochloracetic acid be inaugurated.” 

Report .—The associate referee developed a method for the determina¬ 
tion of monochloracetic acid in beverages, involving the extraction of the 
substance with ether in a continuous extractor, followed by the hydrolysis 
of the acid and the volumetric determination of the chloride formed in 
the hydrolysis. This procedure, together with studies of its application 
to a number of beverages, was published in This Journal , 25, 145. As 
the method appeared quite promising the Referee requested that it be 
submitted to collaborative study but to date has received no further re¬ 
port from the associate referee. 

The Referee recommends that the method for the determination of 
monochloracetic acid in beverages developed by the associate referee be 
submitted to collaborative study. 
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REPORT ON SPICES AND CONDIMENTS 

By Samuel Alpend (U. S. Food and Drug Administration, 

St. Louis, Mo.), Referee 

Vinegar .—Associate Referee A. M. Henry has submitted a report of 
work performed by himself and 0 , Neill on a “permanganate oxidation 
number,” which he recommends for adoption as tentative. The Referee 
believes the method should first be subjected to collaborative study. 
Henry recommends that the modified Lichthardt test described in his 
report last year be adopted as tentative. Although the method is not in¬ 
fallible, it is by far the best available, and is needed. The Referee concurs 
in Henry’s recommendation, with the proviso that further work be per¬ 
formed to clear up the difficulty with alkaline caramels. 

Henry recommends that the method for total phosphoric acid in vinegar 
be made official (final action) and that the method for “Color removed 
by fullers’ earth” be dropped. The Referee concurs. 

Mayonnaise and Salad Dressing .—Associate Referee Sam D. Fine sub¬ 
mitted his own and collaborative results on a method for starch in mayon¬ 
naise that is based on Field’s application of Sullivan’s method to mustard 
products. His recoveries are similar to those obtained by Field. There is 
indication that some of the starch in salad dressing undergoes a change on 
standing so that after several months the material does not yield as much 
starch by this method as it did when first prepared. Sufficient work has 
been done to warrant adoption of the method as tentative. 

The 1939 report of the Referee took cognizance of an error in the sugar 
method, resulting from an incorrect reference, and undertook to correct 
it ( This Journal y 23, 586, recommendation 13). This correction was 
adopted and published ( Ibid. y 87). However, when the 5th edition of 
Methods of Analysis was published, an incorrect reference had again 
crept in. The associate referee’s report for 1940 ( This Journaly 24, 696) 
gives the correct reference. The method as published in Methods of 
Analysis should be corrected accordingly. 

Volatile Oil in Spices .—No report was submitted by the associate ref¬ 
eree. 

Mustard Products. —Associate Referee J. T. Field did not submit a re¬ 
port. Since he is now in the Army, the subject should be reassigned and 
work should be continued. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the method for determination of total phosphoric acid in 
vinegar ( This Journal , 24, 83) be made official (final action). 


* For report of Subcommittee C end action by the Association, see This Journal, 27, 62 (1944). 
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(2) That the modified Lichthardt method for the detection of caramel 
in vinegar (Ibid., 26, 234) be adopted as tentative, and that studies on the 
method be continued and include further collaborative work. 

(3) That the “permanganate oxidation number” described in the asso¬ 
ciate refereed report be studied collaboratively, and be tested by the 
associate referee on as many different types of distilled vinegar and acetic 
acid as possible. 

(4) That the tentative method for the determination of color removed 
by fullers 1 earth (Methods of Analysis , A .O.A .C., 76,1940,481) be dropped. 

(5) That the tentative method for preparation of samples of mayon¬ 
naise and salad dressing ( This Journal , 24, 83) be further studied. 

(6) That the tentative method for the determination of total fat in 
mayonnaise and salad dressing ( Methods of Analysis , A.O.A.C. , 1940, 476 
52; This Journal , 24, 83) be further studied. 

(7) That the method for determination of starch in salad dressing de¬ 
scribed in the associate referee's report be adopted as tentative, and that 
studies on the method be continued. 

(8) That the tentative method for the determination of volatile oil in 
spices (Methods of Analysis, A.O.A.C., 1940, 469, 16) be continued. 

(9) That the tentative method for determination of starch in prepared 
mustard (This Journal, 25, 97-98) be further studied in its application 
to mustard flour, and that collaborative work on both prepared mustard 
and mustard flour be undertaken. 

(10) That the official method for the determination of salt in prepared 
mustard (Methods of Analysis, A.O.A.C., 474, 36) be dropped (final ac¬ 
tion). 

(11) That the official (first action) method for the determination of salt 
in prepared mustard (This Journal, 24, 703; 25, 98) be made official (final 
action). 

(12) That the official method for the determination of volatile oil in 
mustard seed (Methods of Analysis, A.O.A.C., 1940, 472, 25) be studied 
in regard to its application to different types of seeds and to other mustard 
products. 

(13) That the tentative method for the direct determination of moisture 
in spices (This Journal, 24, 83) be further studied. 

(14) That studies on direct titration methods for the determination of 
moisture in spices be continued. 

(15) That the tentative method for the determination of ash in spices 
(This Journal, 24, 83-4) be further studied. 
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REPORT ON MAYONNAISE AND SALAD DRESSING 

By Sam D. Fine (Food and Drug Administration, Federal 
Security Agency, Cincinnati, Ohio), Associate Referee 

At the 1941 meeting of the Association it was recommended by the 
referee ( This Journal, 25, 66) that studies be continued on methods for 
the determination of starch in salad dressing. To carry out this recom¬ 
mendation the following work was undertaken. 

The first method attempted was that for the determination of starch 
in peanut butter ( Methods of Analysis, A.O.A.C., 1940, 420, 12). Trouble 
was experienced in completely extracting the oil without incurring me¬ 
chanical losses of starch from samples of mayonnaise and starch. Modifi¬ 
cation of the procedure to overcome this difficulty was made; it was then 
found that the separated starch was not completely soluble in the Rask 
acid. Recovery of added starch was only 61 per cent. No further work was 
done with this method. 

Field (This Journal, 24, 700; Ibid., 25, 705) adapted a method by Sulli¬ 
van ( Ibid ., 18, 621) for the estimation of starch in plants to the determi¬ 
nation of starch in mustard and prepared mustard. The method, as modi¬ 
fied by Field ( loc . cit.), was tried on samples of mayonnaise plus starch. 
The first recovery experiments were promising, and certain modifications 
were made in the procedure which led to even better results. The method 
follows: 

STARCH IN MAYONNAISE 
REAGENTS 

(1) Calcium chloride solution. —30 grams per 100 ml. of solution, adjusted to ap¬ 
proximately 0.01 N alkalinity. 

(2) Alcohol— 95%. 

(3) Alcohol— 70%. 

(4) Alcohol-sodium hydroxide solution. —70 ml. of 96% alcohol plus 26 ml. of 0.1 
N NaOH. 

(6) Ammonium sulfate solution. —Saturated aqueous solution. 

(6) Iodine potassium iodide solution .—2 grams of 1 plus 6 grams of KI in 100 
ml. of water. 

PROCEDURE 

Determine the total acidity of the prepared sample as directed in Methods of 
Analysis , A.O.A.C. , 1940, 476, 49. Place 4-6 grams of the prepared sample in a 500 
ml. Erlenmeyer flask, add the calculated quantity of 0.1 AT NaOH to neutralize the 
acid in the weight of sample taken; and add 100 ml. of the CaCl* solution. Stopper 
the flask and swirl gently until all large lumps of mayonnaise (or salad dressing) are 
broken. Add glass beads. Wet the inside of a reflux condenser and the stopper with 
water, allow to drain for 1 minute, then connect flask to condenser. Place an asbestos 
board with a hole in the center under the flask and boil gently for 30 minutes, 
swirling from time to time. (Slight frothing occurs in the first few minutes.) 
Leaving the condenser connected, cool the flask and contents to room temperature 
in a pan of ice water. Remove the flask, stopper it, and shake vigorously. Pour the 
contents into a centrifuge bottle 1 and centrifuge for about 10 minutes at 1,500 r.p.m. 
Pipet a 50 ml. aliquot into a centrifuge bottle containing 150 ml. of 95% alcohol, 

1 Wide-mouthed 250 ml. bottles are the most convenient type. By tilting the bottle after centrifuging, 
BO ml. aliquot may be removed without including any of the oil-containing upper layer. 
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stopper (rubber),* and shake vigorously for approximately 5 minutes. Rinse par¬ 
ticles adhering to stopper into bottle with 70% alcohol; use same rubber stopper 
throughout the following steps. Centrifuge at 1,600 r.p.m. for approximately 10 
minutes. Decant the supernatant liquid through an asbestos pad in a Caldwell 
crucible, using suction; retain the precipitated starch in the centrifuge bottle, adding 
70% alcohol and recentrifuging if necessary. Pour off the supernatant liquid as 
completely as possible without transferring the starch to the crucible; 70% alcohol 
may be used in rinsing the mouth of the centrifuge bottle, and the washings may be 
allowed to pass through the Caldwell crucible. Remove the asbestos pad and trans¬ 
fer it to the centrifuge bottle. Rinse particles adhering to the crucible into the bottle 
with water. Add water to about 100 ml., stopper, shake bottle vigorously to break 
up precipitate, then add an excess* of the I-KI solution (2-3 ml.) and 60 ml. of the 
(NH 4 )iS 04 solution. Stopper, and shake bottle vigorously. Rinse particles adhering 
to stopper into centrifuge bottle with water, and centrifuge until clear. Decant 
supernatant liquid with suction through an asbestos pad in a Caldwell crucible. Add 
50 ml. of the alcohol-NaOH solution to the precipitate in the centrifuge bottle, 
stopper, and shake vigorously; wash stopper with 70% alcohol, centrifuge, and de¬ 
cant through the same pad as before. Repeat treatment with the alcohol-NaOH 
solution until practically all the blue color disappears (usually 2-3 treatments are 
sufficient). Without centrifuging, transfer contents of the centrifuge bottle to the 
Caldwell crucible, using 70% alcohol to rinse the centrifuge bottle. Aspirate until 
pad is dry, then transfer pad to a 500 ml. Kjeldahl flask. Add 10 ml. of HC1 (sp. gr. 
1.1029) to the centrifuge bottle, stopper, and shake vigorously until all starch par¬ 
ticles adhering to the walls are washed free or are in solution. Transfer the I1C1 to 
Kjeldahl flask. Rinse centrifuge bottle and crucible with small portions of water, 
adding washings to contents of Kjeldahl flask, until the total volume reaches ap¬ 
proximately 00 ml. Loosen particles adhering to the inside of the Caldwell crucible 
with the aid of a rubber policeman. Attach Kjeldahl flask to a reflux condenser, first 
adding glass beads to lessen bumping, place an asbestos board with a hole in the 
center under the flask, and boil for 1 hour. Cool, nearly neutralize with 1 +1 NaOH 
(use methyl orange as indicator), and filter into a 200 ml. volumetric flask. Wash 
Kjeldahl flask and contents of filter paper with water until volume reaches 200 ml. 
Mix well and determine dextrose as directed in Methods of Analysis, A.O.A.C ., 
1940, 500, 37. Dextrose X0.9 *»8tarch. Correct for added volume of 0.1 N NaOII 
used to neutralize acidity of mayonnaise. Report percentage of starch in sample. 


Table 1 gives the results on the recovery of various starches alone by 
the method. All recoveries are based on the values found on direct acid 
hydrolysis of the starches. 


Table 1 .—Recovery of starches alone 


STARCH 

Potato (1) 
Potato (2) 
Corn 

Arrowroot 

Tapioca 


per cent 

98.8 

96.6, 97.1 

95.6 

96.7 
97.1 


Sullivan ( loc . tit.) has a table showing recovery experiments on potato 
starch alone by his procedure. The recoveries are 100 per cent. An attempt 
was made to determine where the loss occurs in the work described here. 


• a tight-fitting stopper that extends only 3-4 mm. into the mouth of the centrifuge bottle is preferable. 

• Excess present when supernatant liquid after oentrifuging has straw to brown color. If supernatant 
liquid is colorless, more of the I-KI solution must be added. 
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The following possibilities occurred to the Associate Referee: (1) The 
starch used contains reducing substances which are determined as starch 
on direct acid hydrolysis but which are removed in the procedure, and 
hence are not available in the final dextrose determination; (2) the treat¬ 
ment with boiling calcium chloride solution causes some hydrolysis of the 
starch, with subsequent loss before the final dextrose determination. The 
first possibility was checked by washing a weighed sample of cornstarch 
with 150 ml. of 95 per cent alcohol plus 50 ml. of 30 per cent calcium chlo¬ 
ride solution, followed by washing with 70 per cent alcohol and subsequent 
acid hydrolysis. Recovery was 98.5 per cent as compared to direct acid hy¬ 
drolysis of the cornstarch. This would indicate that there are not any 
reducing substances present in the starch which are removed by washing. 
An attempt was made to determine the presence of reducing substances in 
the supernatant alcohol-calcium chloride solution from a determination, 
after the starch was removed by centrifugation and filtration; it was very 
difficult to remove all the calcium; and no reducing substances could be 
detected in the calcium-free solution obtained. That the loss occurs during 
the first step is shown by Table 2, which gives results on starches alone 
when the iodine precipitation step was omitted. 

Table 2. —Recovery of starches alone, omitting iodine precipitation step 
starch rkcovbrt 



per cent 

Potato (1) 

95.9 

Corn 

96.4 

Arrowroot 

95.9 

Tapioca 

96.7 


Table 3 gives the results on mayonnaise plus various starches by the 
method. 

Table 3. —Recovery of starches from mayonnaise plus starches 


STARCH 

RECOVERY 

per cent 


Potato (1) 

95.7 

95.2 

Corn 

93.9 

93.1 

Arrowroot 

94.7 

95.7 

Tapioca 

96.0 


Corn+Arrowroot 

92.9 

93.3 


A sample of mayonnaise was prepared containing 3.85 per cent potato 
starch (calculated from weight of air-dry starch weighed and direct acid 
hydrolysis value for the starch). Analysis the day after preparation gave 
the results shown in Table 4. It was intended to submit samples of this 

Table 4. —Recovery of starch from mayonnaise containing 3.85% potato starch 

STARCH POUND RICOVHRY 

percent percent 

3.69 95.8 

99.0 


3.81 
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mayonnaise for collaborative study, but after one week’s standing separa¬ 
tion occurred. 

A second sample of mayonnaise was prepared, containing 4.94 per cent 
potato starch. Table 5 gives collaborative results obtained on this sample. 


Table 5. —Recovery of starch from mayonnaise containing 4.94% potato starch 
(prepared May 4 > 1943) 

DATE OF 

ANALYST STARCH FOUND RECOVERY 

ANALYSIS 


per cent per cent 


S. D. Fine 

5/11/43 

6/8 /43 

4.83 

4.72 

4.63 

97.8 

95.5 

93.7 

I. Schurman 

5/15/43 

4.71 

4.63 

95.3 

93.7 

F. J. McNall 

5/18/43 

4.68 

4.57 

94.7 

92.5 

F. M. Garfield 

6/ 1/43 

4.52 

4.48 

91.5 

90.7 

H. P. Bennett 

6/ 5/43 

4.61 

4.59 

93.3 

92.9 

C. R. Joiner 

6/24/43 

4.54 

4.57 

4.50 

91.9 

92.5 

91.1 


SUMMARY 

The method of Sullivan, as modified by Field and the Associate Referee, 
gives promising results when applied to the determination of starch in 
mayonnaise and salad dressing. Recoveries on starch alone are about 
97 per cent. Recoveries of starch from mayonnaise plus added starch vary 
from 93 to 96 per cent. Recoveries on mayonnaise containing a known 
amount of starch analyzed shortly after preparation vary from 96 to 99 
per cent; analyzed from a month to two months after preparation, recov¬ 
eries vary from 91 to 96 per cent. 


REPORT ON VINEGAR 

DETECTION OF GLACIAL ACETIC ACID IN VINEGAR 

By R. E. O’Neill and A. M. Henry, Associate Referee (Food and 
Drug Administration, Federal Security Agency, Atlanta, Ga.) 

Solutions of glacial acetic acid have been substituted for distilled vine¬ 
gars, and a method of detecting such substitution is needed. 

Detection of formic acid in a product made from or containing wood- 
distilled acetic acid serves to reveal this particular adulteration, 1 but this 
test is not effective in detecting adulteration by catalytic glacial acetic 
that contains very little or no formic acid. 

Work has recently been done in England on the detection of adultera¬ 
tion of vinegars by means of various common reagents. Following the 


1 Methods of Analyte, A.O.A.C., 1940, 482. 79. 
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lead of these English investigators/the writers carried out experi¬ 
ments, using permanganate and ceric sulfate oxidation, iodine absorption, 
sulfite and hydrochlorite binding, and ester values. The permanganate and 
iodine methods immediately showed promise, and of these two the 
permanganate titration method for measuring the content of reducing 
substances proved more satisfactory in distinguishing true distilled vine¬ 
gars from diluted acetic acid solutions. 

Caramel and the coloring matter from charred oak containers have a 
considerable permanganate oxidation value. In an attempt to separate 
or eliminate the effects of such color, dialysis, charcoal adsorption, and 
distillation were tried. Dialysis was found to be impracticable, as it re¬ 
quired excessive time and completion was not easily obtained. Activated 
charcoal gave variable results, apparently due to incomplete adsorption. 
Reproducible results were obtained by distillation. Both partial and con¬ 
stant volume steam distillation was used in the trials. 

The idea of oxidation values as a means of distinguishing vinegars was 
first utilized by A. Schmidt.® He titrated 50 ml. of vinegar and adjusted 
to 3 per cent acetic acid in the presence of dilute sulfuric acid with 0.1 N 
potassium permanganate to a permanent red color. The end point is 
variable, cloudy, and wholly unsatisfactory. In 1938, Edwards and Nanji 4 
suggested distillation and determination of the oxidation value as follows: 

Distillation of Sample .—Mix 60 ml. of the sample with 15 ml. of water in a 400 
ml. distilling flask, add a little pumice, and distil the mixture slowly until exactly 
60 ml. of distiUate is collected. 

Oxidation Value .—Measure 25 ml. of the distillate into a glass-stoppered bottle 
of about 200 ml. capacity, add 10 ml. of H 9 SO 4 (1 +3) followed by 10 ml. of 0.1 N 
KMnO< solution accurately measured. Allow the mixture to remain at 18°C. for 
exactly 30 minutes; then add 5 ml. of 10% KI solution and titrate the liberated 
iodine with 0.02 N NaaSaO*, adding starch solution as an indicator at the end. 

Carry out a blank determination at the same time, using 25 ml. of distilled water 
in place of the vinegar distillate. 

Let the volume of 0.02 N thiosulfate used in the blank titration be A ml. and that 
in the test B ml., then 

Oxidation value «»8(A — B). 

This method was used as a basis for further work because it eliminated 
end-point difficulties. However, it introduces other difficulties. It often 
stops the reaction short of completion, and the reaction with 0.1 N 
permanganate proceeds at a diminishing rate, greatly influenced by tem¬ 
perature, time, and changing concentrations. This necessitates the setting 
up of an empirical procedure over a set of highly critical conditions. 


a Analyst, 60, 70S (1085). 
a Ibid., 62, 553 (1087). 

4 Ibid., 63, 410-10 (1038). 

> Ibid., 63, 504 (1040). 

• Z. Unters. Lebensm., 69, 472 (1035). 
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Table 1.— Effect of temperature fluctuations 



TITRATION 60 ML. 

TITRATION 25 ML. 

10 ML.VINSOAR+ 

5 ML. YINSOAR 


UNDILUTED VINEGAR 

yinbqar+75 ML. 

00 ML. HiO+10 

+05 ML. HtO 

thmp. 

(+10 ML. OIL. 

HiO+10 ML. DIL. 

ML. DIL. HtSO* 

+10 ML. DIL. 


H»SO«) WITH N KMnO* 

H,SO* WITH 0.1 N KMnO. 

WITH 0.1 N KMnO* 

H.SO* with 0.1 N KMnO* 


TIMS 1 HOUR 

TIMS 1 HOUR 

TIMS 1 HOUR 

TIMS 1 HOUR 

°C. 

ml. 

ml. 

ml. 

ml. 

10 

6.70 

9.0 

3.6 

1.6 

20 

7.35 

13.5 

6.5 

3.2 

25 

7.55 

14.1 

7.3 

3.7 

30 

7.80 

15.0 

7.9 

4.2 

35 

8.00 




45 

8.70 




60 

0.10 




75 

11.10 





Consequently it was deemed 
necessary to study the reaction 
closely with a view to discovering 
the optimum conditions for 
the method. 

Temperature .—Experiments 
showed that temperature fluctu¬ 
ations cause relatively great 
changes in titration values, and 
consequently the temperature 
should be closely controlled; 
they also showed that normal 
room temperatures were some- 2 
what less critical than the higher ® 
ones, which are more difficult to § 
maintain. Therefore 25°C. was | 
selected as the temperature at 
which the reaction is to be car¬ 
ried out. Table 1 gives the con¬ 
densed results of the experiments. 

Figure 1 shows these results 
graphically. 

Time .—It was known that the 
rate of reaction was not rapid 
and that it diminished as concen¬ 
trations changed. Experiments 
showed that the time factor and 
concentration, particularly of the 
permanganate, are interdepend¬ 
ent, but that use of the stronger 
reagent for one hour carried the 
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50 ° 100 * 
TEMPEAATDRE CEMTIGRADE 


Fig. 1.—Broken line indicates use 

OF NORMAL KMnO* WITH UNDILUTED VINE¬ 
GAR. Solid line indicates use of 0.1 
KMnCh with vinegar diluted to 25% in 
THE TOP CURVE, TO 10% IN THE MIDDLE 
CURVE, AND TO 5% IN THE BOTTOM CURVE. 


reaction onto a part of the time-titration curve which was least critical. 
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Table 2.— Effect of time of reaction 



titration or 50 ml. 

titration or 50 ml. yinioar 

EXACTION 

UNDILUTED VINXOAR+ 

+60 ML. Hs0+10 ML. 

TIMS 

10 ML. DZL. HsSOi WITH 

DIL. HtSO* WITH 0.1 N 

Minute* 

Normal KMnO* at 25°C. 

KMnO* AT 25°C. 

5 

6.50 


10 


5.50 

15 

7.45 


20 


8.15 

30 

7.85 

10.35 

40 

7.90 

12.00 

45 

8.00 


50 


13.00 

60 

8.15 

13.65 

90 

8.30 

14.95 

120 

8.60 

15.65 

150 


16.05 

180 

8.80 

16.25 

210 


16.35 

240 

8.95 



Figure 2 illustrates graphically the meaning of the time-titration ex¬ 
periment. 

Concentrations .—A comparison of the tenth normal and normal titra¬ 
tion curves against temperature and time (Figures 1 and 2) illustrate the 
effect of varying the concentration of the potassium permanganate. It is 
seen that the optimum concentrations of reacting substances depend upon 
temperature, but especially upon time. Consequently it is difficult to dis¬ 
cuss reacting concentrations without continual reference to the time fac¬ 
tor. In fact, all three variables had to be worked out more or less concur¬ 
rently. 

As experimentation continued it became evident that use of the highest 
practicable concentrations of permanganate gave the best results. 


Table 3.— Effect of 0.1 N and normal KMnO « 


YINIOAR 

0.1 N KMnO* 

NORMAL KMnO* 

USED 

REQUIRED 

REQUIRED 

ml. 

ml. 

ml. 

0 

.0 

— 

5 

4.0 

— 

10 

8.95 

1.80 

15 

12.70 

— 

20 

14.45 

3.50 

25 

15.65 

— 

30 

16.30 

5.10 

35 

16.50 

— 

40 

— 

6.65 

45 

— 

— 

50 

— 

8.30 
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TIME OF REACTION 


Fia. 2. Broken line indicates use of normal KMnO< with undiluted 
vinbqab. Solid line indicates use of 0.1 N KMnO« with vinegar diluted 
to 60%. 


iii all the above determinations the usual procedure was followed; it 
will be given in a statement of method later. 

It is obvious from the figures shown that the reaction between per¬ 
manganate and the organic reducing materials does not go to completion. 
In any such reaction concentrations have a marked effect, and if both re¬ 
acting substances are permitted to become very dilute at the same time, 
as happens near the end of any direct titration, the rate of reaction 
diminishes almost to the stopping point before completion. It was this 
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CONCENTRATIONS «1. VINEGAR PER $0 ■!. REDUCING SOLUTION 

Fig. 3. —Broken line indicates use of normal KM11O4. 

Solid line indicates use of 0.1 N KM11O4. 

condition that made the direct titration end-point of A. Schmidt very 
difficult to determine. The procedure of Edwards and Nanji, which adds 
an excess of the conventional tenth normal permanganate, reacts for a 
given time, and titrates the excess permanganate, showed the way to 
eliminate the difficulties. 

These titrations are of course carried out in sulfuric acid solutions. In 
fact, experiments showed that an acid condition was necessary to get any 
titration at all. It was also shown that at ordinary temperatures an acid 
concentration of 3 normal would cause permanganate and acetic acid to 
begin to react. So a normal concentration of sulfuric acid was agreed upon. 
The addition of 10 ml. of 1 to 1 sulfuric acid in a total reaction mixture of 
80-100 ml. would approximately accomplish this. 

These experiments show that in order to obtain a condition in which a 
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uniform rate of reaction is maintained, the concentration of the per¬ 
manganate in the reaction mixture must not drop below .16 normal when 
the titration is finished. The results given in Table 4 indicate that this is 
true. 

Table 4.— Effect of concentration of permanganate 


VINEGAR 

USED 

ml. 

NORMAL 

0.5 N HTPO 

USED 

ml. 


NOBMALITT OF KMn0« IN MIXTURE— 

NORMAL 

KMnO« 

ADDED 

ml. 

VOL. 

ml. 

AT BEGINNING 

OF TITRATION 

AT END OF 

TITRATION 

KMnO< 

USED 

ml. 

50 

15 

16.2 

75 

.20 

.09 

6.90 

50 

25 

35.5 

85 

.29 

.21 

7.25 

50 

35 

55.8 

95 

.37 

.29 

7.10 

50 

50 

86.6 

110 

.45 

.40 

6.70 

50 

15 

16.9 

110 

.14 

.06 

6.55 

50 

25 

36.0 

110 

.23 

.16 

7.00 

50 

35 

56.2 

110 

.32 

.25 

6.90 

50 

50 

86.5 

110 

.45 

.40 

6.70 


It is seen that the optimum condition, that is the largest permanganate 
titration, was obtained in the cases where 25 ml. of normal permanganate 
was added. The best results came when the solution was .25-.3 N with 
respect to permanganate to start with and did not fall below .15 at the 
end. 

It is seen that the key factor is the concentration of potassium per¬ 
manganate in the reaction mixtures. It must be kept above a certain mini¬ 
mum level to maintain such a rate of reaction that the permanganate used 
is proportional to the amount of reducing materials present, that is, the 
titration curve is a straight line. It is further seen that this condition ob¬ 
tains in all cases where the concentration of permanganate in the reaction 
mixture is maintained above .15 N. This means that some normality 
much greater than tenth normal for the permanganate must be used. 
Normal solutions are easily prepared at ordinary temperatures and with 
the usual precautions have proved satisfactorily stable. 7 No dilutions of 
the reaction mixture beyond what is absolutely necessary are permissible. 
The vinegar itself is adjusted to 4 per cent acetic acid instead of the 3 per 
cent of the Schmidt procedure. The sulfuric acid is diluted only 1 to 1 be¬ 
fore using, just enough to remove the heat of mixture. 

The results up to this point indicate that conditions should be fixed as 
follows: At least a 50 ml. sample of adjusted vinegar is necessary to 
obtain significant titrations. Convenience and the necessity for strong 
permanganate concentration make it desirable to use 25 ml. of normal 
permanganate. With 10 ml. of 1 to 1 sulfuric acid the concentration of 
permanganate in the reaction mixture to start is .29 N . If half the per¬ 
manganate is used (12.5 ml.) the concentration at the end is .15 N —the 


* Methods of Analysis , A . O . A . C ., 1040, 653. 
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lowest permissible value. Practically all the types of vinegars will be 
taken care of by a 12.5 ml. net titration with a good margin for safety. If 
the vinegars require more than a 12.5 ml. titration they can be diluted 
to such a fraction of their former concentration as will titrate less than 
12.5 ml. and allowance can be made in the calculation of results. 

Distillation . —The distillation part of the procedure presented no com¬ 
plications, and no difficulty was experienced in getting check between du¬ 
plicate samples. The volatile and non-volatile substances appear to vary 
widely in boiling point so separation offers no obstacle. Any method of 
distillation can be made to serve but steam distillation appears to give 
the best results, and the standardized set-up of Clark and Hillig 8 for vola¬ 
tile acid work presents a convenient uniform procedure. 

The details of the entire method follow: 

METHOD 
BEAGENTS 

(a) Acetic acid solution .—Glacial. To 4 grams of acetic acid add 100 ml. of water. 
This solution should have a negligible permanganate oxidation number when deter¬ 
mined according to this method. 

(b) Sulfuric acid solution. —Mix equal volumes of HjS 0 4 and water. 

(c) Potassium iodide solution. —Dissolve 30 grams of KI in 100 ml. of distilled 
water and filter. Do not use after discoloration with iodine. 

APPARATUS 

For the steam distillation use the standard Clark-Hillig volatile acid still. (As 
an alternative an all-glass apparatus is preferable.) If all-glass apparatus is not 
available, cover all cork or rubber stoppers with tin or aluminum foil. 

DETERMINATION 

Adjust the vinegar to 4 grams per 100 ml. acidity as acetic by dilution with dis¬ 
tilled water. Steam distil 50 ml. of adjusted vinegar, maintaining the volume so as 
to have a residue of 45 ml. for 50 ml. of distillate. Keep distillate and reagents at 
25°C. Transfer the 50 ml. distillate to a 250 ml. glass-stoppered Erlenmeyer flask 
and add 10 ml. of the 1:1 H 2 S0 4 and 25 ml. of normal KMn0 4 solution. Hold 
at 25°C., preferably in water bath for exactly 1 hour. Then immediately add 20 ml. 
of 30% KI solution and mix well. Titrate the freed iodine with 0.5 AT Na*SsOs solu¬ 
tion. Hun a blank of the acetic acid solution with the sample and subtract the ml. of 
normal permanganate solution used from the 25 ml. before subtracting the ml. of 
0.5 N NajSaOa. 

To obtain the permanganate oxidation number divide by 2 the ml. of 0.5 N 
Na 2 SiOi and subtract this from 25 minus the blank. If the permanganate oxidation 
number is more than 15, repeat, taking half the original amount of vinegar. (It is 
necessary to repeat this reduction by half until the ml. of normal permanganate 
used is less than 15.) Then multiply the titration by the appropriate factor to 
obtain the permanganate oxidation number on the basis of 50 ml. of vinegar. 

Additional information is acquired by obtaining the permanganate oxidation 
number of 50 ml. of the adjusted vinegar without distillation and also of the undis¬ 
tilled residue made up to 50 ml. with the 4% glacial acetic acid. 


• Thu Journal , 21, 680 (1938). 
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Table 5 gives typical results with diluted glacial acetic acids and various 
vinegars. It is seen that on diluted glacial acetic acids, colored or uncol¬ 
ored, a permanganate oxidation number of less than 0.5 is obtained on the 
distillate. All distilled and other vinegars examined to date gave numbers 
of more than 3.0 on the distillate. 


Table 5 .—Typical results with acids and vinegars 


Destructively distilled glacial acetic acid diluted 

BS70R1 

DISTILLATION 

0.0 

DISTILLATE 

0.1 

UNDISTILLBD 

RESIDUE 

0.0 

Above, colored with caramel 

0.8 

0.1 

0.8 

Synthetic glacial acetic acid diluted 

0.0 

0.1 

0.0 

Above, colored with caramel 

0.9 

0.1 

0.7 

Above, colored by soaking with charred oak chips 

13.6 

0.3 

12.6 

Distilled vinegar (a) 

7.9 

6.2 

1.0 

Distilled vinegar (b) 

5.1 

3.4 

0.9 

Distilled vinegar (b) colored with caramel 

6.0 

3.3 

1.9 

Molasses vinegar 

15.+ 

3.3 

15.+ 

Cider vinegar 

15.+ 

3.5 

15. + 

For recommendations on vinegars, see 

the report of the 

Referee on 


Spices and Condiments and also the report of Subcommittee C (This 
Journal, 27,62 (1944)). 


APPOINTMENTS 

Sutton Redfern, Fleischmann Laboratories, New York City, has been appointed 
Associate Referee on Proteolytic Activity of Flour, in place of Quick Landis, de¬ 
ceased. 

F. M. Strong, College of Agriculture, University of Wisconsin, has been ap¬ 
pointed Associate Referee on Nicotinic Acid. 

Merlin Mundell, Drug Division, Food and Drug Administration, Washington, 
D. C., has been appointed Associate Referee on Demerol. 

Bert J. Vos, Jr., Division of Pharmacology, Food and Drug Administration, 
Washington, D. C., has been appointed Associate Referee on Digitalis Preparations. 

W. H. King, State Department of Health, New Orleans, La., has been appointed 
Associate Referee on Chlorine in Milk. 

H. W. Conroy, Food and Drug Administration, Kansas City, Mo., has been ap¬ 
pointed Associate Referee on Ethylaminobenzoate in Ointments. 


CORRECTIONS FOR VOLUME XXVII, NO. 1 

Page 72 (14), line 2, transpose “36” and “64"; line 3, change “47” to “69.” 

Page 80, line 6, (1), change ~ to 

Io I 

Page 88, line 4, change minus sign to equality sign. 

Page 89, line 3, change “39-41” to “78.” 

Page 98, 10, line 8, change “renewal” to “removal.” 

Page 111, (6), line 6, change “524” to “425.” 
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AN INNOVATION IN TECHNIC OF CITRATE DIGESTIONS*f 

By W. H. MacIntirb, H. L. Marshall, and T. A. Meyer (University 

of Tennessee Agricultural Experiment Station, Knoxville, Tenn.) 

The A.O.A.C. method for the chemical appraisal of commercial ferti¬ 
lizers stems from the procedure evolved by Frezenius, Neubauer, and 
Luck in 1871 (3). Their method was intended solely for the analysis of 
superphosphate and acidic types of “mixed goods.” It predicated that the 
citrate digestion would be restricted to analytical residues devoid of 
water-soluble phosphates and substantially depleted of concomitant 
calcium sulfate and calcium fluoride. Neutral ammonium citrate was 
selected as the solvent for any water-insoluble phosphates generated dur¬ 
ing acidulation, curing, and analysis. A primary consideration in the 
selection was the inertness of the buffered citrate solution toward rock 
phosphate residues. For its intended utility the method was most satis¬ 
factory, notwithstanding the early difficulties encountered in the prepara¬ 
tion of an exact citrate solution. Unfortunately, however, the analytical 
function of the citrate has been distorted and extended unduly. When 
used to measure solubility by the direct digestion of analytical charges of 
processed basic phosphates, the citrate is burdened with substantial pro¬ 
portions of salts similar to those that are removed in the prescribed wash¬ 
ing of acidic phosphates. 

Ammoniation is a relatively recent development ( 10 ), and therefore 
it was not contemplated that the Frezenius, Neubauer, Luck (3) procedure 
would be utilized in the analysis of ammoniated superphosphates. More¬ 
over, the admixing of limestone, in other than small quantities for condi¬ 
tioning, was frowned upon until the use of dolomite was advocated ( 11 , 
12). Both of these processings effect a substantial percentage diminution 
of water-soluble phosphates and thus lessen their removal in the pre¬ 
scribed analytical step of aqueous extraction. The resultant concentration 
of calcium salts affects the pH and the dissolvent capacity of the citrate 
solution. There was, however, no alternative method for the analysis of 
the modern commercially-processed neutral and basic fertilizers. Recently 
a method was proposed for the direct determination of P 2 O 5 (16). 

The vitiative effect of the additive bases upon analytical values for 
P 20 fi-availability has been recognized and subjected to critical and 
collaborative studies. These have dealt with the effect of the pH of the 
citrate solution; filtration technic; common-ion effect; ratio of charge to 
volume of the citrate; temperature and variation in agitation technic; 

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C. October 27, 28, 1943. 

t The present study was conducted in the Cooperative Chemical Research Unit of the Department of 
Chemical Engineering, Tennessee Valley Authority, at the Agricultural Experiment Station of the Uni¬ 
versity of Tennessee. 
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duration of the digestion and also washing with an electrolyte solution 
(1, 4, 5, 6 , 7, 8 , 9, 11 , 13, 14, 15, 16, 17, 18, 19, 20). The referee studies re¬ 
sulted in the adoption of a 1 -gram analytical charge and a 1 -hour digestion 
instead of the 2 -gram charge and 30-minute digestion (20). This modifica¬ 
tion induces higher “availability” values. Nevertheless, the associate 
referee concluded (20, p. 266) “The proposed method thus appears to be a 
decided improvement over the present official method as a means of 
fertilizer control, but neither method is adapted to give a fixed rating for 
the fertilizer efficiency of the water-insoluble phosphates.” Recently, 
Andrews ( 2 ) pointed out that plant response to ammoniated phosphates 
is less than the expectancy indicated by the official method. 

That procedure now prescribes that the interval between the completion 
of washing and the introduction of the water-insoluble residue into 100 
ml. of neutral ammonium citrate of 1.09 sp. gr. be not longer than one 
hour. This provision precludes appreciable loss in P 2 O 5 availability 
through the fluoride reaction postulated by Maclntire, Hardin, Oldham, 
and Hammond (17), and demonstrated by Ross and associates ( 1 , 4, 18) 
to be a factor when the leached charges are allowed to stand overnight 
precedent to the citrate digestion. 

WATER BATH DIGESTER VERSUS DRY HEAT CHAMBER 

So far as the writers have been able to ascertain, citrate digestions have 
been conducted only in water baths. To assure that the flask will be sub¬ 
merged to a depth equal to that of the contained citrate solution, the 
flasks may be weighted with a metal collar, or the bath may be supplied 
with a false bottom. Without agitation for the water content of the bath, 
some variance in spot temperatures is to be expected. This is shown for an 
electrically-heated water bath in Figure l.J The spot temperatures of the 
contained citrate solvent in the twelve 100 ml. digestates also are shown. 
The flasks rested upon a perforated shelf about two inches below the 
surface of the 12-inch depth of water. The immersion depth, therefore, was 
slightly greater than the depth of the citrate content of the flasks. Initial 
heating of the bath was expedited by means of an auxiliary strip heater. 
The bulb of a calibrated thermometer was submerged at spot No. 11 
to a mid-depth of the 12 inches of water. When 65°C. was attained, two 
thermometer readings were made also at each of the other eleven spots. 
These paired readings recorded temperatures of the water in immediate 
contact with opposite sides of the flasks at the shelf level. The same pair of 
thermometers was used to ascertain every spot temperature. The 
temperatures of the digestates were obtained simultaneously by means of 
calibrated Anschutz thermometers, the bulbs being submerged fully on 
center in the digestates, without touching the bottom of the flasks. 

$ The electrically-heated chamber was described and certain findings were presented under different 
title before the Fertiliser Section of The American Chemical Society at its 160th meeting, Pittsburgh, Pa., 
September, 1943. That paper was released for publication in Thf Journal . 
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Only at spot 12 was the temperature of 65°C. maintained in a lab¬ 
oratory having a temperature mean of 29°C. The lowest bath tempera¬ 
ture registered was that of 63.5°C. at spot No. 2 and the mean of the 
water temperatures at the 12 points was 64.1°C. No digestate attained 



Fia. 1 . —Variance in spot temperatures of diqestates and surrounding 

WATER IN A BATH HEATED BT A SUBMERGED ELECTRIC ELEMENT 

65°C., and none reached the temperature registered by the 63.5°C. mini¬ 
mal of the water spots. The digestate temperatures varied in the range of 
62.2°-63.2°C., with a mean of 62.6°C. 

Obviously, the 12 agitations at 5-minute intervals monopolize the 
attention of the analyst during the 1-hour digestion. These factors and the 
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personal equation in manual agitation militate against reproducibility of 
analytical results. The present study was initiated to test the efficacy of 
constant agitation of the digestate in the dry air of a well-insulated elec- 


WON FRAME 
If -fftO CC FLASKS 



SECTION 'BB - SECTION - AA* 

Fig. 2.—Electric air bath for constant agitation 

OF CITRATE DIGESTIONS. 


trically-heated chamber, wherein temperature is virtually the same at all 
points. The dry-heat chamber proposed for citrate digestion with constant 
agitation is diagramed in Figure 2, and the interior is shown in Plate 1. 



Plate 1.—Interior view of electric air bath for 

CONSTANT AGITATION OF CITRATE DIGESTIONS 

It embodies features adopted after many tests with several heating units 
and air baffles. Heat is supplied by a single nichrome wire that extends 
along th& four walls and constancy of temperature was assured by a 
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thermoregulator. A small bulb serves to illuminate the interior of the 
chamber, which can be inspected through a glass panel in the lid. Since 
the current consumption is low, the atmosphere of the chamber is main¬ 
tained at 65°C. continuously to expedite initiation of digestions, unless an 
extended period of non-use is anticipated. The chamber accommodates 
twelve 260 ml. Erlenmeyers, which are revolved end-over-end at 20 r.p.m. 
With proper set-up the use of the electric heat chamber conserves the at¬ 
tention and time of the analyst and it is also cleaner and more economical 
than the water bath. Analytical work is facilitated and expedited by main¬ 
tenance of a stock solution of citrate at 65° C. Starting without the pre¬ 
heated stock solution the solutions are heated-agitated in the ever-heated 
chamber prior to introduction of the residues. 

ACCENTTJATIVE EFFECT OF CONTINUOUS AGITATION IN 
CITRATE DIGESTIONS 

The findings of Table 1 were obtained by use of referee samples of 
known history. It is evident that periodic agitation during the 1-hour 
digestion increased the dissolvence of the water-insoluble phosphates for 
those materials that contain appreciative percentages of citrate-insoluble 
PaOfi. Still greater dissolvent action resulted from continuous end-over-end 
agitation in the electrically-heated chamber. The citrate-insoluble values 
obtained by the use of the heat chamber were as low or lower than those 
obtained by the present official technic. Moreover, reproducibility of 
analytical results was much better for the agitated digestates than for 
those obtained by periodic agitation. 

INFLUENCE OF VARIATION IN TEMPERATURE DURING 
CONSTANT AGITATION 

The nine phosphates (Table 1) were used also in comparisons to 
ascertain whether continuous agitation in the chamber would admit of 
digestion at a temperature below 65°C. The results given in Table 2 show 
that for elevation in temperatures of 30 to 40 to 50°C. there was a pro¬ 
gressive decrease in percentages of C.I. Continuous agitation at those 
temperatures, however, did not compensate for a lowering of digestion 
temperature. In five cases continuous agitation and temperature of 60°C. 
was as effective as the official technic. Small variations were found for the 
highly-ammoniated superphosphate, but the outstanding exception was 
the anhydrous dicalcium phosphate. Hence, the 60°C. digestions with 
constant agitation would not be admissible without qualification, although 
they would be adequate for acidic materials and processed products hav¬ 
ing low content of generated basic phosphates. Again, however, every 
continuously-agitated digestate at 65°C. gave a C.I. value below the cor¬ 
responding value obtained by means of the official procedure. 



Table 1 .—Accentuative effect of continuous agitation on 1-hour citrate digestions at 65°C. 
in the determination of citrate-insoluble P t 0 1 (per cent) 


1944] MACINTIRE et al.: AN innovation in citrate digestions 


277 



• At 5-minute intervals, 
f This product was not a true Ca HPO«. 










Table 2. —Effect of variation in temperature of 1-hour citrate digestions under continuous agitation 
in the determination of citrate-insoluble P%0% (per cent) 
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Table 3. —Effect of duration of 65°C. citrate digestion with continuous agitation 
in the determination of citrate-insoluble P 2 0t (per cent ) 
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• At 5-minute intervale, 
t This product was not a true CaHPO«. 
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* At 6-minute intervals. 

0 This product was not a true CaHPOi. 
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The 40, 50, 60, and 65°C. temperatures refer to those of the digestates, 
rather than to the atmosphere of the chamber. Introduced into the 
chamber and then not agitated, digestates attain the temperature of the 
chamber atmosphere, and that temperature persists so long as the di- 
gestate is quiescent. Upon agitation, the digestate shows a rise in tempera¬ 
ture and the atmosphere of the chamber shows a decrease. This was ob¬ 
served by window-reading of the Anschutz thermometers, the bulbs of 
which were submerged when the flasks were at rest in upright position. 
When the Anschutz thermometers registered digestate temperatures of 
40, 50, 60, and 65°C. for separate digestions, the corresponding simul¬ 
taneous readings of chamber atmosphere were 3945, 58, and 63°C. 
During the digestions with agitation at 65°C., the chamber atmosphere 
registered 63°C., and that temperature was maintained one week by an 
electric thermoregulator. This relationship between the temperatures of 
digestate and chamber atmosphere is reached quickly and continues re¬ 
gardless of laboratory temperature and convective currents. In contrast, 
when the citrate is brought to the prescribed 65°C. in a water bath and the 
washed analytical residue then is introduced, the solution does not again 
come to 65°C. during an hour’s digestion. 

VARIATION IN DIGESTION PERIOD WITH 
CONSTANT AGITATION 

One objective was to determine whether continuous agitation in the 
heated chamber would admit of briefing of digestion at 65°C. The samples 
of Tables 1 and 2 and several additional materials were used in the com¬ 
parisons of Table 3. These comparisons show that, in general, increase of 
time induced lower C.I. values. All of the C.I. values by continuous agita¬ 
tion for the minimal 15-minute period were higher than those obtained by 
the official procedure. For some products, the acidic materials and calcium 
metaphosphate in particular, the 30-minute agitation was as effective as 
the 60-minute requirement of the official digestion. Again, with lone ex¬ 
ception of the recalcitrant anhydrous dicalcium phosphate, the continuous 
agitation for 45 minutes was as effective as the 1-hour digestion with 
periodic agitation. Without exception, every 60-minute digestion with 
continuous agitation gave a C.I. value either lower than or identical with 
the one obtained by the official procedure. 

In the digestions of the 29 variant phosphatic materials (Table 4), a 
variance of 0.15 per cent or less from the official method values was regis¬ 
tered by the 30-minute digestions in 16 instances, whereas eleven of the 
digestions gave plus variances beyond 0.2 per cent. Although the continu¬ 
ous agitation during 30 minutes of digestion was as effective as an addi¬ 
tional period of 30 minutes with periodic agitation for most of the com¬ 
mercial fertilizers, again the exceptions were such as to preclude adoption 
of the 30 minute period. Once more, every citrate-insoluble value obtained 
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by 60 minutes of agitated digestion was less than the corresponding value 
obtained by the official procedure. 

SUMMARY 

It was demonstrated that a variance in spot temperatures occurs in the 
water of a citrate-digestion bath and in the lagging temperatures of the 
contained digestates. Parallel digestions were conducted in an electrically- 
heated water bath and in an electrically-heated chamber, well insulated; 
and provided with a device for constant agitation of digestates. The cham¬ 
ber afforded greater uniformity of temperature, and induced greater dis¬ 
solvent action and better reproducibility of citrate-insoluble values than 
did the official technic for the same digestion period. 

The dissolvent action of the citrate increased progressively during the 
1-hour digestions at temperatures of 30, 40, 50, 60, and 65°C. Chamber 
digestions with constant agitation for periods of 15 minutes and 30 
minutes proved ample in some instances and inadequate in others. With 
one exception, a 45-minute digestion was ample when the digestates were 
agitated continuously. The citrate-insolubility values obtained by con¬ 
stant agitation were invariably lower than those obtained by the official 
procedure. 

The proposed home-made digestion chamber meets the official require¬ 
ments. It assures uniformity in spot temperature, eliminates variations in 
manual agitation, and conserves the time and attention of the analyst. It 
improves reproducibility of analytical results, is clean and inexpensive to 
operate, and is ever-ready. 
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MODIFICATIONS OF A.O.A.C. CHICK METHOD OF 
VITAMIN D ASSAY* 

By Robert John Evans and J. L. St. John (Division of Chemistry, 
Washington Agricultural Experiment Station, Pullman, Wash.) 

The A.O.A.C. chick method for estimating vitamin D 1 is time consum¬ 
ing and laborious. Any modification which would decrease the time and 
labor required without also decreasing the accuracy of the method would 
be of great value. 

The assay period can not be shortened to less than the 21 days specified 
without decreasing the accuracy of the method. 2 The cleaning of the 
bones is time consuming. Johnson 8 suggested that the removal of the epi¬ 
physeal cartilages from the tibiae of the chick would facilitate rapid and 
complete removal of adhering tissue from the bone. Fritz and Halloran* 
presented data substantiating the work of Johnson, 8 but they suggested 
that boiling the legs for four minutes in hot water would be as effective in 
speeding cleaning of the bones. St. John, Kempf, and Bond,® advocated 
the separation of the shaft from the cartilage and suggested that cartilage 
ash might be a better criterion of the effectiveness of vitamin D supple¬ 
ments than the ash of the entire tibia. Baird and MacMillan 6 advocated 
the use of toes rather than tibiae for ashing to save time and chicks. 

It appeared to the authors that further work was desirable to deter¬ 
mine the relative value of ashing different portions of the tibiae and the 
toes for the A.O.A.C. chick vitamin D assay method. 1 This paper presents 
such a study. 

EXPERIMENTAL 

During a study to determine the value of fish oils fortified with syn- 

• Published as Scientific Paper No. 007, College of Agriculture and Agricultural Experiment Stations, 
State College of Washington, Pullman. 

1 Methods of Anatvna, A.O.A.C 1940, 371. „ _ v 

• DeWitt, J. B., C. D. Tolle, H. W. Loy, Jr., and L. F. Knudsen, Thie Journal , 25, 213 (1942). 

• Poultry Set., 21, 329-332 (1942). 

4 Ibid., 22, 314-322 (1943). 

• Ibid., 12, 34-30 (1933). 

• Thit Journal, 25, 518-524 (1942). 
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thetic vitamin D, a reference cod liver oil containing 115 A.O.A.C. chick 
units of vitamin D per gram was fed to duplicate groups of 15 chicks per 
group at levels of 0, 5, 10, and 15 units per 100 grams of diet. Five fish 
oils were also fed to other groups at approximate levels of 5, 10, and 15 
units per 100 grams of diet. Day-old White Leghorn cockerels were used 
and were sacrificed after three weeks on the experimental diets. The left 
tibia was utilized in determining the value of fortification with synthetic 
D. In addition the middle toes of the right and left feet were cut off as 
described by Baird and MacMillan.® The right, as well as the left, tibia 
was taken as described in the official A.O.A.C. method. The right tibia 
was divided into three parts: the shaft, the proximal cartilage, and the 
distal cartilage. These and the middle toe of the left foot were extracted 
with alcohol and ether as recommended in the official method. The middle 
toe of the right foot was not extracted. These were used for the compari¬ 
sons presented in the present paper. The results of the synthetic D fortifi¬ 
cations study are presented elsewhere by Evans, Rhian, Carver, Hamm, 
and Harrison. 7 

The bones were ashed by groups for one hour at 850° C. 


RESULTS 

Percentages of ash in the toes and tibiae of 3-weeks-old chicks receiving 
0, 5, 10, and 15 A.O.A.C. chick units of vitamin D per 100 grams of diet 
are presented in Table 1. The values for the right tibia were obtained by 


Table 1. —Per cent ash in tibiae and toes of chicks receiving graded levels of 
supplementary vitamin D in diet 


GROUP 

WO. 

LEVEL 

TIT. D 

LEFT 

TIBIA 

RIGHT 

TIBIA 

BHAFT 

RIGHT 

TIBIA 

PROXIMAL 

CARTILAGE 

DISTAL 

CARTILAGB 

LX FT 

TOB 

UNEX¬ 

TRACTED 

RIGHT TOR 

1 

0 

34.0 

33.8 

41.3 

5.0 

12.1 

11.5 

11.7 

23 


33.6 

33.0 

39.3 

4.8 

12.3 

11.0 

11.1 

Av. 


33.8 

33.4 

40.3 

4.9 

12.2 

11.3 

11.4 

2 

5 

36.5 

36.2 

43.8 

4.8 

13.9 

12.9 

12.6 

14 


35.1 

34.5 

41.0 

4.8 

12.9 

12.3 

12.5 

Av. 


35.8 

35.4 

42.4 

4.8 

13.4 

12.6 

12.6 

6 

10 

39.2 

39.3 

47.0 

5.6 

15.7 

13.9 

13.9 

18 


38.7 

38.0 

45.7 

4.9 

14.7 

12.9 

12.8 

Av. 


39.0 

38.6 

46.4 

5.2 

15.2 

13.4 

13.4 

10 

15 

40.6 

40.5 

47.1 

4.6 

16.1 

14.6 

14.4 

22 


42.9 

42.7 

48.8 

4.4 

17.5 

15.0 

14.4 

Av. 


41.8 

41.6 

48.0 

4.5 

16.8 

14.8 

14.4 


7 Poultry Set., 23, 91 (1944). 
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adding the weight of ash from the shaft, proximal cartilage, and distal 
cartilage, and dividing the sum by the weight of the whole tibia. Differ¬ 
ences between the right and left tibia are probably due to experimental 
error. The shaft contained the highest percent of ash at a given level of 
vitamin D. The proximal cartilage contained the least ash. The vitamin 
D content of the diet appeared to have no influence on the ash of the proxi¬ 
mal cartilage at this age, although an effect was found at eight weeks of 
age by St. John, Kempf, and Bond (1933). 6 The toes and distal cartilage 



Right tibia 
Left tibia 
Shaft 


Distal cartilags 

Extracted toe 
Unextraoted toe 


Units of vitamin D 

Fig. 1.—Increase in percent ash above negative control op bones and 

TOES OP CHICKS RECEIVING ADDED LEVELS OP VITAMIN D IN THE DIET. 

contained much the same percentages of ash as shown in Table 1. Figure 1 
gives the increase in bone ash above the negative control caused by the 
addition of vitamin D to the diet. 

To determine the sensitivity of the different methods the increase in 
bone ash above the negative control was divided by the bone ash of the 
negative control. The resulting values, expressed as percent increase, are 
plotted against units of added vitamin D in Figure 2. The distal cartilage 
was the most sensitive since the increase per unit of added vitamin D was 
greatest. The shaft was the least sensitive, except the proximal cartilage, 
which gave no indication of the vitamin D content. The values for the 
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shaft were irregular, and they are not included in this figure. Both the un- 
extractfcd right toe and the extracted left toe were slightly more sensitive 
than the tibia. 

All the curves in Figures 1 and 2 have been drawn through the zero 
point. If the curves for the right and left tibia and for the distal cartilage 



Distal cartilage 


Extracted toe 


Unextraoted too 

Right tibia 
Loft tibia 


Units of vitamin D 

Fia. 2.—Relative sensitivity op methods op vitamin d assay using per cent 

ASH IN TOES AND TIBIAE. SENSITIVITY WAS DETERMINED BY DIVIDING THE INCREASE 
IN PER CENT BONE ASH ABOVE THE NEGATIVE CONTROL BY THE PER CENT BONE ASH 
OF THE NEGATIVE CONTROL AND WAS EXPRESSED AS A PERCENTAGE. 

are extrapolated from the three experimental points they tend to con¬ 
verge on the abscissa at a value of about 3 rather than zero in Figure 1. 

An indication of the relative accuracy or experimental error of the 
methods can be obtained by the difference between duplicate groups. 
Dividing the differences by the total ash gave values which varied little 
for the methods used, indicating small difference in experimental accuracy. 

The value of any procedure is dependent on the results obtained. Table 
2 presents the unitage of vitamin D in each of five samples of fish oil cal¬ 
culated from the bone ash determinations on the toes, the tibia, and each 
of the tibia fractions. In calculating the average values for the sockeye 
salmQn oil, the values obtained at the 5 unit level were discarded, since all 
were low compared to the other levels. 
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Table 2. —Vitamin D content of fish oil as determined by use of per cent ash in 
toes and different fractions of tibiae . (A.O.A.C. chick units vitamin D/gram oil) 


6R0UP 

MO. 

KIND Of OIL 

APPROX. 

LEVEL 

OIL 

LEFT 

TIBIA 

(OFFICIAL) 

RIGHT 

TIBIA 

SHAFT 

RIGHT 

TIBIA 

DISTAL 

LEFT 

TOB 

RIGHT 

TOB 

UNBXT. 

3 

Herring 

5 

200 

180 

125 

220 

160 

240 

4 


10 

141 

165 

140 

188 

155 

190 

5 


15 

237 

257 

235 

253 

260 

240 

Av. 



193 

201 

167 

220 

192 

223 

7 

Pilchard 

5 

156 

212 

312 

352 

232 

244 

8 


10 

158 

180 

160 

176 

168 

168 

9 


15 

165 

171 

163 

141 

147 

147 

Av. 



160 

188 

212 

223 

182 

186 

11 

Dogfish liver 

5 

248 

248 

167 

230 

225 

153 

12 


10 


173 

144 

180 

214 

198 

13 


15 

180 

189 

176 

186 

188 

213 

Av. 



203 

203 

162 

199 

209 

188 

15 

Pink salmon 

5 

163 

155 

H 

m 

200 

170 

16 


10 

193 

178 



188 

201 

17 


15 

160 

154 

m 


151 

163 

Av. 



172 

162 

m 


180 

178 

19 

Sockeye salmon 

5 

(95) 

(100) 

(73) 

(108) 

(70) 

(73) 

20 


10 

159 

161 

140 

144 

103 

179 

21 


15 

168 

157 

149 

148 

136 

136 

Av.* 



163 

159 

145 

146 


158 


* The results obtained at the 6 unit level were not used in calculating the average. 


The average values for vitamin D as assayed by the different methods, 
the differences from the left tibia, and the per cent difference are presented 
in Table 3. The poorest agreements were obtained by using the shaft and 
the distal cartilage. The average per cent difference is very low with the 
extracted left toes, but since the value for the sockeye salmon was low, 
the standard deviation was 15. Both the average difference and the 
standard deviation were slightly higher for the unextracted right toe 
than for the right tibia, which can be considered as a duplicate of the left 
tibia. 

DISCUSSION 

The use of the toes of chicks rather than the tibia, as advocated by 
Baird and MacMillan,* is an important step in the simplification of the 
chick assay method for vitamin D. They used the extracted toes but sug¬ 
gested that use of the unextracted toes might be satisfactory. Results 
presented in this paper indicate that the ash content of either the ex¬ 
tracted or unextracted toes gives a satisfactory assay of the vitamin D 














288 ASSOCIATION OF OFFICIAL AGHICULTURAL CHEMISTS [Vol. XXVII, No. 8 

content of a fish oil. The use of toes greatly decreases the time and labor 
required in the A.O.A.C. assay procedure. Since unextracted toes can be 
used and results obtained similar to those obtained with extracted toes, 
extraction of the left tibia before ashing in the official method may not 
be necessary. This has been shown to be the case by Fritz and Halloran. 4 


Table 3. —Comparison of vitamin D potencies obtained by ashing different bones in the 
assay procedure for fish oils 


BOND USED 

HERRING 

PILCHARD 

DOGFISH 

PINK 

SALMON 

SOCKETS 

SALMON 

AV.± DIFF. 

ALOBBRAIC 

AYURAGB 

STANDARD 

DEVIATION 

Left tibia (official) 

103 

160 

203 

172 

163 




Eight tibia 

201 

188 

203 

162 

159 




Difference 

8 

28 

0 

-10 

-4 




Per cent diff. 

4 

18 

0 

-6 

-2 

6 

3 

9 

Shaft 

167 

212 

162 

146 

145 




Difference 

—26 

62 

-41 

-26 

-18 




Per cent diff. 

-13 

33 

-20 

-17 

-11 

18.8 

—6 

22 

Distal cartilage 

220 

223 

199 

160 

146 




Difference 

27 

63 

-4 

-22 

-17 




Per cent diff. 

14 

39 

-2 

-13 

-10 

15.6 

6 

21 

Left toe (extracted) 

192 

182 

209 

180 

120 




Difference 

-1 

22 

6 

8 

-43 




Per cent diff. 

-1 

14 

3 

5 

-25 

9.6 

-1 

15 

Right toe (unextracted) 

223 

116 

188 

178 

158 




Difference 

30 

26 

-15 

6 

-5 




Per cent diff. 

16 

16 

-7 

3 

-3 

9.0 

5 

11 


The data presented in this paper, while supporting the suggestion of 
Johnson* and of Fritz and Halloran 4 that the shaft can replace the tibia 
in the A.O.A.C. ashing procedure, do not show that results obtained with 
the shaft will be as satisfactory as those obtained with the whole tibia. In 
the present study this was probably caused by difficulty in separating the 
shaft from the cartilage. 

SUMMARY 

The middle toe of the chick, extracted with alcohol and ether, can be 
satisfactorily used to replace the tibia for ashing in the A.O.A.C. chick 
vitamin D assay method, corroborating the work of Baird and MacMil¬ 
lan. 4 The unextracted toe can be used equally well. The toes are slightly 
more sensitive than the tibiae, and the procedure is also much more rapid 
and makes unnecessary the sacrifice of the chicks at the conclusion of the 
assay. 
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The per cent ash in the distal cartilage gave the most sensitive response 
to added levels of vitamin D, while the percent ash in the shaft gave the 
least, supporting the results of St. John, Kempf, and Bond. 5 At three 
weeks of age the proximal cartilage showed no increase in percent ash 
resulting from increased vitamin D in the diet Values obtained for the 
vitamin D content of fish oils by the use of per cent ash in the shaft, distal 
cartilage, extracted toe, or unextracted toe compare favorably with values 
obtained by using the per cent ash in the tibia. 


USE OF TURKEYS FOR ASSAY OF VITAMIN D* 

By G. B. Willgeroth, J. L. Halpin, H. R. Halloran; and J. C. Fritz 
(The Borden Company, Nutritional Research Laboratory, 

Elgin, Ill.) 

Collaborative studies with the chick assay for vitamin D indicate seri¬ 
ous need for improved accuracy. Summarizing such studies, Baird and 
Barthen (1) conclude in part, “An experimental animal that will react 
more uniformly is needed, and this is thought possible to achieve only 
by developing a strain of chicks with a high vitamin D requirement 
which will respond proportionately to graded doses of vitamin D.” Similar 
conclusions are noted in the more recent work of Motzok, Hill, Branion, 
and Slinger (2), who recommend the use of hybrid chicks. 

Data accumulated by Scott, Hughes, and Loy (3), Baird and Greene 
(4), Jukes and Sanford (5), Hammond (6), and Carver and Rhian (7) 
indicate that turkey poults possess many of the desired characteristics. 
Jukes and Sanford (5) suggested the turkey as a sensitive test animal for 
the study of vitamin D, but they questioned whether a “turkey unit” 
was an accurate measure of the vitamin D activity for chickens. 

Test work was planned at this laboratory to determine the requirement 
of turkey poults for vitamin D and the range in bone ash under assay 
conditions. Furthermore, the study was designed to compare the effec¬ 
tiveness of different compounds having vitamin D activity, and to com¬ 
pare the results of assays conducted with chicks and with poults. 

MATERIALS AND METHODS 

Bronze turkey poults hatched from the laboratory flock were used in 
this study. The chicks used were Single Comb White Leghorns, also 
hatched from the laboratory flock. The number of poults used per group 
varied from 5 to 12. The chick work represented groups of 20 birds each. 

Both chicks and poults were kept under usual conditions in screen- 
floored, chick-starting batteries. Table 1 shows the composition of the 

* A preliminary report waa presented before the American Chemical Society, Division of Agricultural 
and Food Chemistry, Pittsburgh, Penn., September 5-10, 1943. 
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Table 1. —Composition of diets 


INGREDIENTS 

POULT* 

CHICK* 


per cent 

percent 

Ground yellow corn 

48 

77 

Acid-washed casein 

15 

12 

Wheat bran 

10 

5 

Wheat standard middlings 

10 

— 

Dried skim milk 

5 

— 

Dehydrated alfalfa 

5 

— 

Non-irradiated yeast 

2 

2 

Tricalcium phosphate 

2 

2 

Meat and bone scrap 

1 

1 

Oyster shell flour 

1 

— 

Iodized salt with 5% MnSO* 

1 

1 


100 

100 

Protein 

24.73 

10.02 

Calcium 

1.06 

0.93 

Phosphorus 

1.06 

0.87 


diets used. In all cases the birds received the designated diet and fresh 
tap water ad libitum . Except as noted, both chicks and poults were han¬ 
dled in accordance with the A.O.A.C. vitamin D method (8). 

EXPERIMENTAL 

Most of the data in the literature indicate that turkey poults require 
about 70 or 80 A.O.A.C. units of vitamin D per 100 grams of feed for 
optimum calcification (4, 6, 7). Jukes and Sanford (5), however, found a 
requirement approximately two and one-half times as high. The reason 
for the unusually high requirements of their poults has not been satis¬ 
factorily explained. 

Groups of twelve poults each were fed graded levels of vitamin D for 
eight weeks in an effort to determine the requirements under conditions 
in this laboratory. The data are summarized in Table 2. In this test 
approximately 70 units per 100 grams of feed gave maximum calcification. 


Table 2. —Vitamin D requirements 


A.O.A.C. UNITS 

VITAMIN D/100 GRAM* 

AVERAGE WT. 

OF POULT* AT 8 WEDS* 

BONE ASH AT 8 WEEKS 


gram 

per cent 

25 

Terminated at 3 weeks—severe rickets 

40 

692 

41.40 

55 

936 

47.01 

70 

944 

51.62 

100 

961 

49.01 


Table 3 shows the response of comparable groups of poults to graded 
levels of U.S.P. reference cod liver oil and to different compounds having 
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vitamin D activity. Chick assays were available to provide data on the 
activated 7-dehydrocholesterol which was dissolved in vegetable oil. The 
vitamin D* was a vegetable oil solution of activated ergosterol which 
had been carefully assayed by repeated rat tests (9). The dihydrotachy- 
sterol was a sesame oil solution obtained from a reliable company. 
McChesney (10) found 1 mg. of dihydrotachysterol to have an anti¬ 
rachitic potency equivalent to 80 U.S.P. units, or to 360 A.O.A.C. units of 
vitamin D. For the purposes of this test a slightly higher potency was 
assumed. 

This test was of three weeks’ duration, and individual weights and bone 
ash data were obtained. The standard deviations of the data are shown 

Table 3. —Response of turkey poults to Vitamin D 


ESTIMATED POTENCY 

- SUPPLEMENT 

SUPPLEMENT PER GRAM PER 100 FED/100 GRAMS 

SUPPLE- GRAMS FEED 

MB NT PEED 





mg. 

grame 

per 

cent 

None 

0 

0 

0 

152 

8 

26.77 

1.24 

U.S.P. Ref. C.L.O. No. 2 

115 

15 

130.4 

185 

23 

28.51 

0.17 

U.S.P. Ref. C.L.O. No. 2 

115 

30 

260.9 

250 

20 

34.79 

3.83 

U.S.P. Ref. C.L.O. No. 2 

115 

45 

391.3 

219 

14 

36.34 

2.61 

U.S.P. Ref. C.L.O. No. 2 

115 

60 

521.7 

215 

54 

41.85 

1.52 

U.S.P. Ref. C.L.O. No. 2 

115 

75 

652.2 

211 

27 

46.09 

0.99 

D* in oil 

6,425 

45 

7.004 

182 

56 

36.66 

1.60 

D* in oil 

400,000* 

75* 

0.1875 

120 

13 

25.51 

0.89 

D* in oil 

400,000* 

750* 

1.875 

132 

23 

27.68 

2.17 

Dihydrotachysterol 

450,000 

45 

0.1000 

238 

40 

47.62 

3.21 


• U.S.P. units. Other estimated potencies are in terms of A.O.A.C. units. 


WT. AT BONE 

3 WEEKS ASH 


Av. S.D. Av. S.D. 


in Table 3 to provide a measure of the variability within groups. The 
standard deviations from the mean per cent bone ash for two groups of 
chicks were 3.16 and 2.50, respectively. It is, therefore, obvious that the 
variation between individual poults within a group is no greater than be¬ 
tween individual chicks within a group. 

The activity of vitamin D s was essentially the same as for chicks. The 
activity of vitamin D 2 for poults was calculated to be only 1.3 per cent of 
that for rats. This, too, is within the range usually found in chick tests 
with vitamin Da. The dihydrotachysterol showed an activity much 
greater than was anticipated. Apparently poults utilize this sterol more 
efficiently than do either chicks or rats. It is impossible from these data 
to assign exact figures for the activity of dihydrotachysterol. 

The percentage of bone ash as influenced by the vitamin D intake varies 
over about twice the range commonly observed with chicks. The data 
show that an intake of 45 A.O.A.C. units of vitamin D per 100 grams of 
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feed produces a bone ash level which falls on the steep part of the response 
curve, and that this should be a satisfactory assay level for poults. In 
routine chick assays at this laboratory, a level of 15 A.O.A.C. units of 
vitamin D per 100 grams of feed is ordinarily used. 

A comparison of simultaneous assays with chicks and poults is sum¬ 
marized in Table 4. Unfortunately, the agreement between duplicate pens 


Table 4. —Comparison of assays with chicks and poults 


SUPPLEMENT 

DESCRIPTION 



CHICKS 



POULTS 


potency/ 

ORAM 

BUPPLB- 
111 NT /100 
GRAMB 

FEED 

AVERAGE 

BONB 

ASH 

UNITS/ 

ORAM 

BUPPLB- 

mdnt/100 

GRAMS 

FEED 

AVRRAOR 

BONB 

ASH 

UNITS/ 

GRAM 



mg. 

per cent 


mg. 

per cent 


Negative Control 

— 

— 

32.09 

— 

— 

23.97 

— 

U.S.P. Ref. C.L.O. No. 2 

115 

43.5 

35.07 

115 

260.9 

35.38 

115 

U.8.P. Ref. C.L.O. No. 2 

115 

87.0 

36.78 

115 

391.3 

37.93 

115 

U.8.P. Ref. C.L.O. No. 2 

115 

87.0 

37.84 

115 

521.7 

44.80 

116 

U.8.P. Ref. C.L.O. No. 2 

115 

130.4 

39.40 

115 




U.S.P. Ref. C.L.O. No. 2 

115 

173.9 

40.38 

115 




A and D Feeding Oil 

400 

37.5 

39.37 

400 

112.5 

46.13 

540 

A and D Feeding Oil 

400 

37.5 

40.28 

530 




Yellow Fin Tuna 

16,000 

0.9375 

36.79 

9,500 

2.8125 

37.24 

13,700 

Liver Oil 

16,000 

0.9375 

37.48 

11,000 




Bonito-Skipjack 

2,000 

7.5 

40.81 

2,667 

22.5 

40.08 

2,310 

Liver Oil 

2,000 

7.5 

39.80 

2,200 




D-.activated 

200,000 

0.0750 

40.12 

257,000 

0.2250 

43.50 

260,000 

Animal Sterol 








Fish Liver 

85 

176.4 

40.92 

>115 

529.4 

47.60 

>115 


of chicks was not as good as might be desired. It does, however, indicate 
the variations which may be expected in the use of this method. It will be 
noted that the turkey data on the A and D feeding oil agree closely with 
the higher results obtained in the chick assays. In the case of the yellow 
fin tuna liver oil, slightly higher results were obtained with the poults, but 
all results were below the estimated potency. The lower chick results on 
the bonito-skipjack liver oil sample agree within reasonable limits with 
the turkey data. Practically identical results were obtained on the D-acti- 
vated animal sterol. The potency of a sample of fish liver was underesti¬ 
mated, and results above the range of the reference curve were obtained 
with both species. 

Figure 1 shows a comparison of the two response curves obtained in this 
assay. 

It should be noted that during these studies severe rickets developed in 
poults fed a diet lacking in vitamin D but otherwise believed to be ade 
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quate. The levels and ratio of calcium and phosphorus were considered 
satisfactory for growth and calcification. Such results are not always ob¬ 
tained in chick tests when the mineral balance is adjusted for optimum 
calcification (11, 12, 13). A group of chicks wasjfed the turkey basal diet 



o 10 20 80 40 60 GO 

A.O.A.C. Units Vitamin D Per 100 Crams 

Fia. 1 .—Comparison of response curves. 

without vitamin D. At the end of three weeks these chicks were found to 
contain 36.58 per cent of ash in the dry, fat-free tibiae, while the poults 
on the same program had 23.97 per cent of ash in the dry, fat-free tibiae. 
This indicates that the poult would be a much more satisfactory test 
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animal for the assay of low potency samples containing minerals. In such 
cases, the poults would offer a reliable measure of the amount of vitamin 
D, whereas the chicks would measure vitamin D less accurately because 
their calcification would be influenced by the mineral content of the sam¬ 
ple. 

DISCUSSION 

The higher requirements, the greater range in bone ash due to varying 
vitamin D intake, and the lesser influence of factors other than vitamin 
D should make the poult more satisfactory than the chick for the assay of 
vitamin D. 

Simultaneous assays with these two species usually indicate similar 
potencies for the material tested. Some few samples show a greater activ¬ 
ity when tested with poults. Since similar activity of vitamin D* and vita¬ 
min D s is observed, it seems probable that any differences in results must 
be due to other sterols. We have seen that dihydrotachysterol is more ef¬ 
fective on poults, and it is quite possible that there may be other com¬ 
pounds which do not have identical anti-rachitic activity for the two spe¬ 
cies. It is believed, however, that for most samples an assay with either 
species affords a reliable indication of its anti-rachitic potency for the 
other species. 

Growth of the poults during the three-week test did not parallel the 
bone ash values, and the weight of the birds could not be used as a crite¬ 
rion of vitamin D intake. Other tests indicate that there may be a correla¬ 
tion between body weights and vitamin D intake when the poults are 
carried beyond three weeks of age. Individual variation within groups was 
about the same as within groups of chicks. This applied to both weight and 
bone ash data. In the case of the bone ash data this variation is believed to 
be less serious in the poults because of the wider range due to varying vita¬ 
min D intake. 

Disadvantages of the use of poults for vitamin D assay would consist 
chiefly in the lack of a year-around supply, and the higher cost as com¬ 
pared with chicks. It is probable that the first disadvantage could be at 
least partially overcome by selection of the breeding stock if there was any 
incentive for such selection. Differences in cost might be eliminated if 
equal accuracy could be obtained with a smaller number of poults. In view 
of the data presented, it is believed that the advantages in the use of 
poults outweigh the disadvantages, and that this species is deserving of 
consideration for the vitamin D assay of poultry feed supplements. 

SUMMARY 

Turkey poults require at least 70 A.O.A.C. units of vitamin D per 100 
grams of feed for optimum calcification. The bone ash range with varying 
vitamin D intake is approximately twice as great as in the case of chicks. 
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In the absence of vitamin D, turkeys develop severe rickets even though 
the mineral balance of the ration is satisfactory. Poults utilize vitamin 
Da and vitamin D 8 with about the same relative efficiency as do chicks. 
Limited evidence indicates that poults can utilize dihydrotachysterol 
more efficiently than chicks. Turkey poults offer advantages over chicks 
as test animals for vitamin D. In most cases simultaneous assays with 
both species indicate similar potencies for the material tested. 

LITERATURE CITED 

(1) Baird, F. D., and Barthen, C. L., This Journal, 24, 961 (1941). 

(2) Motzok, I., Hill, D. C., Branion, H. D., and Slinger, J. S., Ibid., 26, 263 
(1943). 

(3) Scott, H. M., Hughes, J. S., and Lot, H. W., Poultry Sci., 11, 177 (1932). 

(4) Baird, F. D., and Greene, D. J., Ibid., 14, 70 (1935). 

(6) Jukes, T. H., and Sanford, T. D., J. Nutrition, 18, 71 (1939). 

(6) Hammond, J. C., Poultry Sci., 20, 204 (1941). 

(7) Carver, J. S., and Rhian, M., Ibid., 21, 260 (1942). 

(8) Methods of Analysis, A.O.A.C. , 1940, 371. 

(9) U. S. Pharmacopoeia XII, p. 635. 

(10) McChesney, E. W., J. Nutrition, 26, 81 (1943). 

(11) Emslie, A. R. G., Personal communication (1942). 

(12) Nowotarski, J. S., and Bird, H. R., Poultry Sci., 22, 72 (1943). 

(13) Fritz, J. C., and Halloran, H. R., Ibid., 22, 314 (1943). 


REFRACTIVE INDICES OF DEXTROSE AND INVERT 
SUGAR SOLUTIONS* 

By F. W. Zerban and James Martin (New York Sugar Trade 
Laboratory, New York, N. Y.) 

In a previous paper the senior author 1 presented a table of the refractive 
indices of invert sugar solutions, to the fourth decimal place. This table 
was based on the measurements made by de Whalley 2 with a sugar re- 
fractometer and expressed by him as equivalent per cent sucrose. 

The new Bausch and Lomb precision refractometer makes it possible 
to read the refractive indices to within three units of the fifth decimal place 
or better throughout the entire concentration range of sugar solutions, 
and five-place tables are now required in order fully to utilize the increased 
precision. The International Table of the Refractive Indices of Sucrose 
Solutions (1936)* answers this requirement up to 24 per cent sucrose by 
weight, and Bausch and Lomb 4 have extended the five-place figures to 85 
per cent of sucrose, by interpolation of the international four-place table. 


* Presented before the Division of Sugar Chemistry and Technology of the American Chemical Society, 
Cleveland meeting, April 1944. 

1 This Journal, 26, 143 (1943). 

* Intern. Sugar J., 37, 363 (1936). 

* Ibid., 39, 23s (1937). 

‘Conversion table furnished with the instrument. 
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A five-place table of the refractive indices of levulose solutions has been 
published by Jackson and Mathews.* There are no corresponding tables 
for dextrose or invert sugar. The present investigation was undertaken to 
supply this need, and also to ascertain whether Vosburgh’s rule, 6 as gen¬ 
eralized by Browne, 7 is applicable to the refractive indices of invert sugar 
solutions. The measurements at 20° had been finished, and others at 25° 
had been partially made when conditions arising out of the war compelled 
interruption of the experimental work. It has therefore been decided to 
publish the former at this time and to resume the investigation when nor¬ 
mal conditions return. 

REFRACTIVE INDICES OF DEXTROSE SOLUTIONS 

Following some early work on the refractive power of various sugars by 
Gladstone 8 and by Guye and Konig, 9 the first systematic determinations 
of the refractive indices of dextrose solutions containing up to 23 per cent 
of the sugar were made by Stolle, 10 at 17.5°. Pulvermacher 11 carried out 
measurements at 25°, the highest concentration being 25 per cent of dex¬ 
trose. Data for 20, 40, and 60 per cent solutions of refined commercial 
dextrose at 20° were furnished by Miss Lang will. 12 The most recent meas¬ 
urements were made by Korner, Reischel, and Hoppner 1 * at 20°, through 
the entire concentration range up to 85 per cent. With the exception of 
Stolle’s data at 17.5°, which extend to the fifth decimal place, all the re¬ 
fractive indices are given only to the fourth decimal. All the measurements 
were made with refractometers of the Pulfrich or Abb6 type. Eventually, 
the fundamental values will have to be determined with the spectrometer, 
as was done by Schonrock with sucrose solutions. In the meantime the 
precision afforded by the new Bausch and Lomb refractometer should 
prove sufficient for practical purposes. 

This instrument, provided with a G.E. sodium lamp, was used in the 
present work. The prism temperature was kept constant at 20° with water 
pumped through the jackets from a large thermostat bath. The air tem¬ 
perature of the work room was 20° ±0.5. The temperature of the solutions 
was measured with a thermometer furnished with the instrument and 
calibrated by the National Bureau of Standards. The standard dextrose 
and the levulose used in the work on invert sugar were also secured from 
that institution. The solutions were prepared by weighing the sugar in 
glass-stoppered Pyrex Erlenmeyer flasks of about 50 ml. capacity, adding 
the approximate volume of distilled water to obtain the desired concen¬ 
tration, stoppering the flask, and gently rotating it until the sugar was 

• Bur. Standard J. Research, 8, 403 (1932). 

• /. Am. Chem. Soc., 43, 219 (1921). 

7 Louisiana Planter, 67, 44 (1921). 

• J . Chem. Soc., 59. 589 (1891). 

• Chem. Zta., 19, 1033 (1895). 

Z. Ver. Deut. Zucker-Ind., 51, 469 (1901). 

11 Z. anorg. allgem. Chem., 113, 141 (1920). 

12 M/g. Confectioner, March 1941, 17. 

” Z. anal. Chem., 122, 321 (1941); throuch C.A., 36, 5049 (1942). 
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completely dissolved. Careful heating in a warm water bath had to be 
resorted to in the preparation of the solutions of high density. The flasks 
were reweighed at room temperature and the concentration was calculated, 
allowance being made for the trace of residual moisture in the sugar. The 
other impurities were too small in quantity to require correction. The solu¬ 
tions were allowed to stand in the stoppered flask for 24 hours in order to 
attain rotation equilibrium. The setting of the refractometer scale was 


Table 1 . —Refractive indices of dextrose solutions; observed data and values calculated 

from computed equation 


PER CENT DEXTROSE 

BT WEIGHT, IN AIR 

D 

Wo* 0 OBSERVED 

n D *° calculated 

FROM EQUATION (1) 

DEVIATION 

FROM FORMULA 

J 9 

1.997 

1.33585 

1.33586 

-0.00001 

4.001 

1.33880 

1.33878 

+0.00002 

4.984 

1.34026 

1.34023 

+0.00003 

5.995 

1.34169 

1.34172 

-0.00003 

7.873 

1.34451 

1.34453 

-0.00002 

10.025 

1.34780 

1.34779 

+0.00001 

11.998 

1.35078 

1.35082 

-0.00004 

15.033 

1.35556 

1.35557 

-0.00001 

19.961 

1.36353 

1.36350 

+0.00003 

25.028 

1.37198 

1.37194 

+0.00004 

30.004 

1.38056 

1.38052 

+0.00004 

35.083 

1.38955 

1.38961 

-0.00006 

40.191 

1.39911 

1.39908 

+0.00003 

45.290 

1.40889 

1.40889 

0.00000 

50.246 

1.41873 

1.41875 

-0.00002 

55.237 

1.42901 

1.42904 

-0.00003 

60.452 

1.44013 

1.44016 

-0.00003 

62.652 

1.44503 

1.44498 

+0.00005 

65.746 

1.45183 

1.45186 

-0.00003 

71.036 

1.46397 

1.46396 

+0.00001 

75.615 

1.47478 

1.47477 

+0.00001 

77.022 

1.47816 

1.47816 

0.00000 

80.362 

1.48632 

1.48631 

+0.00001 


controlled by the glass test piece furnished with the instrument and was 
also checked with distilled water. 

The experimental results are shown in Table 1. From these data the 
following equation was calculated by the method of averages: 

n D M , dextrose «1.33299+0.001428288 p+Q .000004594154 p * m 

+0.00000002194551 p* -0.00000000006037339 p 4 

The sum of the squares of the residuals for the 23 experiments is 
190X10~ 10 , which is considerably smaller than that for the results of 
Jackson and Mathews on levulose (page 301), 1550XI0~ 10 , comprising 32 
experiments. 

Table 2 gives the refractive indices of dextrose solutions, calculated 
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from Equation (1), in steps of 5 per cent dextrose, and also the cor¬ 
responding values of K&mer, Reischel, and H&ppner. 

It is impossible to make a direct comparison with the results of Stolle 
at 17.5° or with Pulvermacher’s at 25° because the temperature coefficients 
have not been determined as yet. However, Stolle’s values, read after 24 
hours, are, in accordance with theory, higher throughout than those at 20° 
calculated from Equation (1). The differences average 0.000207, or 
0.000083 for 1°C., which appears somewhat low. But Stolle found the 
»d w ® of water by repeated measurements to be 1.33310, which is 0.00007 
lower than the accepted value. If this correction is applied to Stolle’s 
eight measurements on dextrose solutions containing up to 23 per cent 


Table 2. —Refractive indices of dextrose solutions calculated from Equation ( 1 ) 


MAI CBNT DEXTROSE 

in steps of 5% 

flD 10 . URBAN 

n D ,0 > KORNIR, REiaCHXL, 

BT weight, m in 

AND MARTIN 

AND HdPPNRR 

P 

0 

1.33299 

1.3330 

6 

1.34025 

1.3403 

10 

1.34775 

1.3479 

15 

1.35552 

1.3557 

20 

1.36356 

1.3638 

25 

1.37189 

1.3721 

30 

1.38052 

1.3807 

35 

1.38946 

1.3896 

40 

1.39872 

1.3988 

45 

1.40832 

1.4083 

50 

1.41826 

1.4181 

55 

1.42854 

1.4284 

60 

1.43918 

1.4390 

65 

1.45019 

1.4499 

70 

1.46156 

1.4613 

75 

1.47330 

1.4731 

80 

1.48542 

1.4854 

85 


1.4980 


of the sugar the average temperature coefficient becomes 0.000111, which 
seems reasonable when compared to the known values for levulose and for 
sucrose. Pulvermacher’s results at 25° are all very much higher than those 
at 20° as calculated from Equation (1), although they should be consid¬ 
erably lower. But his no u values for sucrose also average 0.0009 higher 
than those calculated for this temperature from the International Table 
of Refractive Indices of Sucrose Solutions. There appears to be a sys¬ 
tematic error in the refractive indices given by Pulvermacher. 

Miss Langwill’s results are shown in Table 3; the concentration of 
water-free dextrose has been calculated from the moisture values given by 
her. 

Miss Langwill’s values throughout are lower than those calculated 
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Table 3.— Miss LangwilVs refractive indices of dextrose solutions 


BY WEIGHT, IN AIR 

n D 90, MISS LA NO WILL 

n D *0, FROM EQUATION (1) 

18.95 

1.3614 

1.36185 

19.97 

1.3632 

1.36351 

37.90 

1.3942 

1.39479 

39.94 

1.3981 

1.39861 

56.85 

1.4317 

1.43244 

59.91 

1.4388 

1.43899 


from Equation (1). She does not state how soon after the preparation of 
the solutions the refractometer readings were made. It appears that they 
were made soon after, since Riibcr 14 has found that the refractive index of 
an a-glucose solution increases upon standing. 

Komer, Reischel, and Hoppner give the following equation for the 
relation between concentration and refractive indices of dextrose solutions 
for sodium light at 20°: 

p, dextrose *= —7804.48 + 14356.70 n-8881.80 n 2 + 1878.30 n* (2) 

where p is per cent dextrose by weight. When this equation is solved for 
n D 20== 1.33299, the accepted value for water, p — —0.04 is obtained. Equa¬ 
tion (2) has been converted by the writers into the usual form, n being 
expressed in terms of p, with this result: 

n D 20 , dextrose -1.33306 +0.001450156 p +0.000004018865 p 2 

+0.00000002076620 p 8 W 

The refractive index of water (p = 0.00) according to Equation (3) is 
1.33306, or 0.00007 too high. This amount has been deducted from all 
the values calculated by this equation, and the resulting figures have 
been rounded off in Table 2 to the fourth decimal place, the experimental 
limit of the Abbd refractometer. In the range of 0-40 per cent dextrose 
the values of Korner, Reischel,and Hoppner are up to 0.0002 higher than 
those of the writers, at 45 per cent they are equal, from then on they are 
slightly lower, and at 80 per cent there is again no difference. The dis¬ 
crepancies are of the same order of magnitude as those between the values 
found for sucrose by various investigators. 16 

REFRACTIVE INDICES OF INVERT SUGAR SOLUTIONS 

The only published table of the refractive indices of invert sugar solu¬ 
tions is the four-place table of the senior author, based on de Whalley's 
data. A new series of values to the fifth decimal place has been determined 
in the same manner as described for dextrose, upon mixtures of equal 
quantities of dextrose and levulose, taking into consideration the small 
amount of moisture in the dextrose. The levulose was dried to constant 
weight in vacuo at 50°C. The readings were made 24 hours after the 


U Bar.. 56B, 2185 (1023); 57B, 1509 (1924); 58B.737 (1925). _ a 

u Bbownb and Zee® an, “Physical and Chemical Methods of Sugar Analysis, 3rd ed., 1941, p. 101, 
Table XXVI. 



300 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXVII, No. t 

preparation of the solutions. The experimental results are shown in Table 
4. 

The following equation has been computed from the observed values: 

invert sugar -1.33299 +0.001411210 p+0.000005198919 p» ... 

+0.00000001568555 p» -0.00000000003776638 p‘ w 

The sum of the squares of the residuals for the 23 experiments is 
233 X10 -10 , a little higher than that found for the dextrose equation (1). 

Balch w has reported that a solution containing 77.79 per cent invert 
sugar shows the same refractive index as a 76.12 per cent sucrose solution, 

Table 4.— Refractive indices of invert sugar solutions; observed data and values 
calculated from computed equation 


PER CENT INVERT SUGAR 

BT WEIGHT, IN AIR 

fl D M OBSERVED 

n D *° CALCULATED 
rROM EQUATION (4) 

DEVIATION 

rnoif FORMULA 

V 

2.002 

1.33583 

1.33584 

-0.00001 

3.941 

1.33863 

1.33863 

0.00000 

4.993 

1.34018 

1.34017 

+0.00001 

6.002 

1.34163 

1.34165 

-0.00002 

8.002 

1.34462 

1.34462 

0.00000 

10.001 

1.34766 

1.34764 

+0.00002 

14.987 

1.35536 

1.35536 

0.00000 

19.998 

1.36343 

1.36341 

+0.00002 

26.080 

1.37196 

1.37189 

+0.00007 

30.097 

1.38051 

1.38057 

-0.00006 

36.203 

1.38971 

1.38974 

-0.00003 

40.050 

1.39875 

1.39876 

-0.00001 

44.985 

1.40827 

1.40827 

0.00000 

49.981 

1.41823 

1.41823 

0.00000 

54.929 

1.42841 

1.42845 

-0.00004 

59.935 

1.43919 

1.43914 

+0.00005 

62.444 

1.44459 

1.44463 

-0.00004 

64.994 

1.45033 

1.45030 

+0.00003 

67.396 

1.45572 

1.45574 

-0.00002 

69.954 

1.46162 

1.46162 

0.00000 

72.465 

1.46750 

1.46748 

+0.00002 

74.936 

1.47329 

1.47334 

-0.00005 

79.853 

1.48533 

1.48528 

+0.00005 


1.4802 at 20°. The value calculated from Equation (4) is 1.48023, a very 
close check. 

The refractive indices of invert sugar solutions in steps of 5 per cent, 
calculated from Equation (4), are given in Table 5. The values based on 
de Whalley’s data are shown in comparison, and also those calculated by 
the Vosburgh-Browne rule from the refractive indices of dextrose solutions 
(Table 2) and of levulose solutions. The latter were not taken from the 
table of Jackson and Mathews, but were calculated from an unpublished 
equation of the same form as Equation (4), computed by J. B. Saunders, 


»• Thu Journal, 15, 175 (1932). 
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of the National Bureau of Standards, from the experimental values of 
Jackson and Mathews and fitting their data better than the original three 
equations covering different portions of the concentration range. 

Above the 5 per cent concentration, de Whalley’s values are from 0.0001 
to 0.0003 higher than those found by the writers, but they check with 
them at 65 per cent invert sugar. Aside from experimental errors, these 
discrepancies may be due partly to incomplete mutarotation equilibrium 
when the solutions were read by de Whalley, and partly to the ash content 


Table 5.— Refractive indices of invert sugar solutions, calculated from Equation ( 4) t 

in steps of 5% 


NVERT SUGAR 

n D ?0 , ZERBAN AND 

no* 0 , DE WHALLET- 

0.5 n D *° DEXTROSE PLUS 

GHT, IN AIR 

MARTIN 

ZKRBAN 

0.5 11 D*° levulose 

V 

0 

1.33299 

1.3330 

1.33299 

5 

1.34018 

1.3402 

1.34022 

10 

1.34764 

1.3478 

1.34769 

15 

1.35538 

1.3556 

1.35543 

20 

1.36341 

1.3637 

1.35346 

25 

1.37175 

1.3720 

1.37178 

30 

1.38040 

1.3807 

1.38042 

35 

1.38937 

1.3896 

1.38937 

40 

1.39866 

1.3988 

1.39865 

45 

1.40830 

1.4085 

1.40827 

50 

1.41827 

1.4186 

1.41823 

55 

1.42860 

1.4289 

1.42853 

60 

1.43928 

1.4395 

1.43918 

65 

1.45032 

1.4503 

1.45018 

70 

1.46172 


1.46153 

75 

1.47350 


1.47323 

80 

1.48564 


1.48527 


in the invert sugar used by him, which amounted to 0.025 per cent. Ac¬ 
cording to Riiber 14 the n D 20 of a 10 per cent solution of /3-fructose decreases 
0.00029 upon conversion into a^/3-fructose, but that of an a-glucose solu¬ 
tion increases only 0.00009 upon conversion into a^/3-glucose. 

The writers’ values calculated from Equation (4) for invert sugar check 
fairly closely with the arithmetical average of the refractive indices of 
dextrose and levulose, up to an invert sugar concentration of 50 per cent. 
At the lowest concentrations, up to 20 per cent, they are 0.00004-0.00005 
lower. Then the difference decreases and becomes 0 for 35 per cent invert 
sugar. Above that point the difference is in the opposite direction, and 
gradually rises to 0.00007 at 55 per cent invert sugar, and finally to 
0.00037 at 80 per cent. The deviation of the values calculated by the 
Vosburgh-Browne rule from those based on the experimental data are of 
about the same order of magnitude as those found by Jackson and Mc¬ 
Donald 17 for the saccharimetric values of invert sugar. At a concentration 


” This Journal , 25 , 675 0042 ). 
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of around 20 per cent of invert sugar by weight the application of the rule 
to the refractometric or saccharimetric values for dextrose and levulose 
causes an error of a little under 0.1 per cent of invert sugar, or 0.5 per cent 
of the total invert sugar present. At a concentration of 80 per cent of in¬ 
vert sugar, determined with the refractometer, the error amounts to 0.15 
per cent invert sugar, or about 0.2 per cent of the total. This confirms the 
conclusion of Jackson and McDonald that the Vosburgh rule is a close 
approximation. Vosburgh himself found that it holds well for the rotation 
of mixtures of glucose and sucrose, and of glucose and fructose, but only 
approximately in the case of sucrose and fructose. 

SUMMARY 

The refractive indices of dextrose and invert sugar solutions for sodium 
light at 20° have been measured with the Bausch and Lomb precision re¬ 
fractometer, and equations for the relation between the refractive index 
and the percentage of sugar by weight in air have been computed. Tables 
of the experimental and computed values, to the fifth decimal place of n, 
are presented, and these values are compared with previous data in the 
literature. It has been found that the Vosburgh-Browne rule about the 
physical properties of mixed sugar solutions applies closely to the refrac¬ 
tive indices of equimolecular mixtures of dextrose and levulose. 


METHODS FOR DIRECT COUNT OF MICROORGANISMS IN 

CITRUS PRODUCTS 


By J. W. Stevens and T. C. Manchester (Research Department, 
California Fruit Growers Exchange, Ontario, Calif.) 


Plate counts are a measure of live microorganisms only, and do not ade¬ 
quately indicate the quality of fruit used or the sanitary precautions em¬ 
ployed in the manufacture of citrus products. Because some form of heat 
or chemical treatment is generally used to insure practical sterility, prod¬ 
ucts containing enormous numbers of dead microorganisms may show 
negative plate counts. The presence of these dead microorganisms may be 
due to the use of poor quality fruit or to inadequate sanitation in manu¬ 
facture, or to both. 

Some method of count by direct microscopic examination is considered 
necessary to complete the bacteriological evaluation of these products. 
The methods of Breed 1 ' 2 and Howard 3 4 are available, but both require 
adaptation for use with citrus products. The method developed and 
described herein is based on the Breed procedure. 


i Centra. BaJct., Abt. II, 30, 337-40 (1911). 

* Breed and Brew, N. Y. Agr. Expt. Sta. Tech. Bull. 49 (1916). 
»U. 8. Dept. Agr. Bur. Chem. Circ. 68 (1911). 

4 Howard and Stephenaon, U. S. Dept. Agr. Bull. 681 (1917). 
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In the development of this method it was found that satisfactory films 
could not be prepared directly from the juice. Separation of the soluble 
from the insoluble solids by centrifuging was of value but this eliminated 
only one of the difficulties. It was evident that the juice contained an in¬ 
sufficient amount of materials which serve as fixing agents in the heat 
fixation of the dried films. Also, difficulty was encountered with clumping 
of insoluble solids in the film and with collection of a relatively large por¬ 
tion of the bacterial cells in the edges of the film. These difficulties were 
finally overcome by adding a small amount of gelatin to the juice and then 
fixing the gelatin-containing film by treatment with formaldehyde solu¬ 
tion. This procedure allows the films to be prepared without centrifuging, 
thus eliminating that time-consuming step. However, centrifuging is of 
possible value when examining low-count samples containing little sus¬ 
pended material and/or much added sugar. Successive angle (using Baier’s 
adaptor 6 ) and horizontal centrifuging was found somewhat more effec¬ 
tive than either alone. 

A. METHOD FOR CITRUS JUICE PRODUCTS 

This method is similar in many respects to the Breed procedure as de¬ 
scribed in “Standard Methods for the Examination of Dairy Products” 6 
and for this reason many of the details given in the latter method are ap¬ 
plicable to both procedures. 

J. Preparation of Films .—One ml. of the juice product is transferred 
with a clean 1 ml. pipet to a clean 10 or 25 ml. graduated cylinder. If the 
product is too viscous to be handled with a pipet, the portion is weighed 
into the cylinder, a weight equivalent to 1 ml. being used. From 1 to 11 ml. 
of redistilled water (free from microorganisms) is then added, depending 
upon the amount of dilution desired. To the resulting solution is added an 
equal volume of a freshly prepared 0.5 per cent solution of gelatin,* made 
with redistilled water. The cylinder is closed with a clean stopper and the 
contents are thoroughly mixed by inverting the cylinder at least 25 times. 

Two 0.01 ml. portions of the solution are transferred at once, with a 0.01 
ml. pipet, before separation or settling of insoluble solids occurs, to ap¬ 
propriate squares on the slide. These squares, with 1 cm. sides, may be 
etched on the slide or a guide may be used to indicate the area to be 
covered. The portions are quickly and evenly spread over the outlined 
surfaces with a platinum needle. The films are allowed to air dry at room 
temperature, heated gently by passing three times through a small flame, 
fixed by flooding with formalin solutionf (35-40 per cent formaldehyde), 
and allowed to stand for 1.5 minutes. The excess formalin solution is 


* Ind Eng. Chem , Anal Ed., 16, 193 (1944). , , _ . 4 _ 

* Pub’d by American Public Health Assoc, and Assoc of Official Agricultural Chemists, 8th ed , pp. 

40-67 (1941). . 

* The gelatin used should be known by test to be practically free from microorganisms 1 he two lots oi 

Difco standardised gelatin used in this work were satisfactory. , , _, . 

f The use of giyoxal has been proposed as^ an “insolubilning agent for gelatin and other protein 
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poured off, and the films are allowed to stand at room temperature until 
partially dry. They are then washed gently with 35 per cent alcohol and 
then with distilled water; finally they are air dried at room temperature. 

II. Staining of Films .—The air-dried films are flooded with alcoholic 
methylene blue solution, and gentle heat is applied occasionally for a 
period of 2 minutes. The excess stain solution is then poured off and the 
films are thoroughly washed by careful dipping in two or more successive 
portions of distilled water. After air drying at room temperature the films 
are ready to be examined. 

Alcoholic methylene blue solution is prepared by adding an excess of the 
dye to a mixture consisting of 1 part 95 per cent alcohol and 1.5 parts of 
redistilled water, by volume. It is allowed to stand overnight or longer 
and then filtered through Whatman's No. 1 filter paper. This solution is 
very stable. 

III . Microscopic Examination of Films .—Both films of the sample are 
examined with a compound microscope equipped with oil immersion ob¬ 
jective (about 95 X), 8 or 10 X ocular, and a Breed and Brew ocular mi¬ 
crometer disc. The microscope is standardized as described in the Breed 
method. 7 

The number of fields to be counted on each film depends on the number 
of microorganisms per field and the precision required. If the first few 
fields show less than 50 microorganisms each, of any one class (yeast, mold 
spores, mold mycelia, or bacteria), it will be necessary to count this class 
in 50 fields (25 fields on each of the 2 films) for a probable error of about 
10 per cent. When the number per field is greater than 50, it is necessary 
to count the particular class of microorganism in a total of only 25 fields 
to maintain roughly the same probable error. A count of more than 100 
fields (divided between the 2 films) appears to be justified in but few in¬ 
stances, regardless of how few microorganisms are present per field. 

In making the actual counts it is necessary that the fields examined be 
so distributed that uniform coverage of each film is obtained. The yeast, 
mold spores, mold mycelia, and bacteria are counted, and recorded sepa¬ 
rately for each field. Bacteria, being smaller individuals and often greater 
in number, are counted only within the inner circle of the eyepiece microm¬ 
eter disc where definition is best. When the required number of fields 
has been counted on the first film the figures are totaled for each class. 
These sums are divided by the number of fields examined to obtain the 
mean count per field for each class of microorganism. 

The same procedure is followed with respect to the second film, and the 
means are averaged. From this value the number of microorganisms per 
ml. may be calculated by substituting the known values in the following 
formula: 


7 Science , 98, No. 2539, 204 (1943). 
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Number of microorganisms per ml.=*(fields per cm. 2 X100) Xaverage 
count per field X dilution. 

B. METHOD FOR POWDERED PECTIN 

Frequently it is desirable to use the same sample of pectin for both plate 
count and direct microscopic count. It is then necessary that the ap¬ 
paratus used in handling both the powdered pectin and the pectin sol be 
sterile as well as physically clean. 

I. Preparation of Pectin Sol .—In preparing a 2 per cent sol, which is the 
most convenient strength, 2 grams of pectin are weighed out rapidly on 
the analytical balance in a sterilized beaker and then transferred quickly 
to a sterilized 250 ml., wide-mouthed, glass-stoppered bottle. The bottle 
is tilted, and then tapped on the table top to cause the pectin to collect 
on one side of the bottom. The bottle is next slightly tilted in the opposite 
direction and 7 ml. of 60° Brix simple sirup is added from a pipet so as not 
to come in contact with the pectin. When this addition is complete, the 
sirup and pectin are mixed and stirred rapidly with a sterilized glass rod 
until all lumps of pectin have been broken up and a smooth suspension 
formed. Before too much hydration of the pectin can occur a 92 ml. portion 
of sterilized, redistilled water is added all at once, the stopper is placed 
in the bottle, and the bottle is agitated until dispersion of the pectin is 
complete. 

The 60° Brix sirup must be practically free from microorganisms. It is 
prepared by dissolving 772 grams of sucrose in 515 grams of redistilled 
water and placed in 2 ounce bottles (allow ample head space), and the 
bottles are closed with cotton stoppers; it is then sterilized for 1 hour at 
15 pounds, and after the cotton stoppers have been replaced aseptically 
with paraffined corks, it is stored until needed. 

The pectin may also be dispersed by the use of sand. The 2 gram portion 
of pectin is mixed with about 12 grams of clean 40-60-mesh sand which has 
been sterilized and dried. The mixture is poured into 99 mi, of sterilized, 
redistilled water while stirring with a sterilized glass rod; stirring is 
continued until dispersion is complete. 

II. Direct Total Count .—The 2 per cent pectin sol is mixed with 0.25 
per cent gelatin solution and redistilled water in the proportions of 1 part 
pectin sol, 2 parts gelatin solution, and 1 part redistilled water, by volume. 
This gives a final solution containing 0.5 per cent pectin and 0.125 per 
cent gelatin, which is used for preparing stained films. 

From this point the procedure is identical with that described under A. 

III . Direct Spore Count .—The procedure followed in the above direct 
count does not show yeast and bacterial spores because of the difficulty 
of staining these bodies. 

Neisser’s spore-staining procedure as described by Tanner 8 was found 
to be satisfactory for use with citrus juices and pectin. The films are 

• “Bacteriology and Myoology of Food," let ed., p 85. John Wiley A Sons, Inc , New York (1910). 
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stained with aniline water-fuchsin, partially decolorized with alcoholic 
hydrochloric acid, and finally conterstained with methylene blue (as de¬ 
scribed under A). The spores are stained red and the vegetative cells blue, 
thus permitting spore counts, in addition to the usual total counts, with 
the same film. 


C. DISCUSSION 

The extent of dilution necessary in the examination of citrus juice prod¬ 
ucts is determined (a) by the insoluble solids (pulp, etc.) content of the 


Table 1 . —Counts obtained with different citrus juice products 
(Data obtained during development of method in 1937.) 


KIND or JUICE 

VOLUME 

CONCEN¬ 

TRATION 

RATIO 

AVERAGE 

(APPROX.) 

NUMBER 

or 

SAMPLES 

EXAM¬ 

INED 

RANGE 

OF 

COUNT 

MICROORGANISMS (IN THOUSANDS) PER ML. 

TEABTB 

MOLD 

SPORES 

MOLD 

MTCBLIA 

BACTERIA 

total 

Concentrated orange. Juice expressed 
from whole orange with rolls, reeled, 
and then passed through centrifugal 
separator, vacuum concentrated (I] 

6.9:1 

4 

High 

Low 

Average 

20,100 

4,000 

12,000 

24,800 

5,000 

16,900 

<70 

210 

279,300 

34,000 

164,600 

324,300 

65,700 

193,000 

Concentrated orange: Juice extracted 
by hand reaming, then put through 
finisher with fine screen, vacuum 
concentrated (11) 

4.0:1 

5 

High 

Low 

Average 

4,200 

1,000 

2,100 

3,600 

490 

1,100 

<70 

<35 

34,500 

2,200 

10,100 

42,300 

3,700 

13,400 

Orange pulp juice , coaree' Whole 
unpeeled fruit macerated and then 
put through finisher with ooarse 
screen (III) 

none 

2 

High 

Low 

Average 

1,600 

900 

1,300 

280 

250 

260 

<35 

<35 

<35 

16,700 

13,200 

14,500 

17,600 

14,400 

16,000 

Orange pulp juice, fine: Whole un¬ 
peeled fruit macerated and then put 
through finisher with fine screen 

(IV) 

none 

2 

High 

Low 

Average 

1,800 

900 

1,300 


<35 

<35 

<35 

8,600 

6,600 

7,600 

10,000 

9,100 

9,600 

Canned orange juice: Juice extracted 
by hand reaming, then put through 
finisher with fine screen 

none 

2 

High 

Low 

Average 

900 

500 

700 


<32 

<32 

<32 

2,000 

1,400 

1,700 


Mixture: Containing juices (I) and 
(II), citric acid, Bugar, and flavoring 
oils 

1.7:1 

2 

High 

Low 

Average 

900 

900 

900 


32 

<32 

8.300 

2.300 

5.300 


Mixture: Containing juices (I), (II), 
and (TV), citric acid, sugar, and 
flavoring oils 

1.7:1 

D 

High 

Low 

Average 

3,600 

1,100 

2,400 


<64 

<32 

14,700 

6,800 

10,800 

20,900 

10,400 

15,700 

Mixture: Containing orange juice, 
citric aoid, sugar, and flavoring oils 
but varying in composition* 

2.5:1 

6 

High 

Low 

Average 

3,400 

125 

1,100 


66 

<16 

4,200 

470 

2,300 

8.700 
900 

3.700 

Mixture: Containing orange juioe, 
citric acid, sugar, and flavoring oils 
but varying in composition* 

4.2:1 

7 

High 

Low 

Average 

4,000 

159 

1,300 

■Ktjfja 

wllij 

32 

<16 

5,200 

1,100 

2,900 

12,200 

1,800 

7,000 

Concentrated lemon: Juioe expressed 
from whole unpeeled fruit with rolls, 
reeled, then passed through oen- 
trifugal separators (V), vacuum 
concentrated 

3.2:1 

2 

High 

Low 

Average 

<32 

<32 

<32 

B 

<32 

<32 

<32 

3,400 

2,700 

3,100 

3,900 

3,800 

3,800 

Concentrated lemon: Juioe (V), vac¬ 
uum concentrated 

5.8:1 

5 

High 

Low 

Average 

<32 

<32 

<32 

640 

220 

410 

<32 

<32 

<32 

2,300 

1,100 

1,600 

2,800 

1,400 

2,000 

Canned lemon juice: Juioe (V) 

none 

2 

High 

Low 

Average 

<32 

<32 

<32 

320 

159 

240 

<32 

<32 

<32 

1,900 

700 

1,300 

2,100 

1,100 

1,600 


* Some contained ell of Indicated ingredients, others only part of them. 
































1944] stevens, Manchester: microorganisms in citrus products 307 


Table 2. —Results of direct counts of pectin samples 
(Data obtained from samples collected in 1941.) 


SAlfPLB 

NUMBER 

1CICROORQANI8MB (iN THOUSANDS) PER QRA1I OP SAMPLE 

TEA8TB 

MOLD SPORES 

BACTERIAL AND 

TEAST SPORES 

BACTERIA 

TOTAL 

1 


Ml 

_ 


4,500 

2 

1 


— 

HI 

1,900 

3 

1 1 


— 

1,900 

4,400 

4 


H£fl 

— 


59,800 

5 


IB 

— 

tlfm 1 

31,200 

5 


■m 

3,200 


38,200 


sample, which in turn is largely determined by the type of juice and by the 
concentration ratio; and (b) by the number of microorganisms present. 
The greater the amount of insoluble solids the higher the dilution required 
to prevent the final dried film from being too dense when observed under 
the microscope. In general the dilution is kept as low as (a) will permit, 
except occasionally where (b) is so high as to become the controlling factor. 
Usually a dilution which will give a solution of about 0.5 natural juice 
strength will be found satisfactory but sometimes dilution to as low as 0.1 
natural strength is required. 

The strength of pectin sol that can be used with the method is limited by 
the density of the stained film with respect to the passage of light. Because 
of this, sols of more than about 0.5 per cent, at final dilution, are not 
generally satisfactory. 

The results obtained with the method on a number of citrus juice prod¬ 
ucts are shown in Table 1. These samples represent several types of 
products, made by several different manufacturers. The types of juice in¬ 
cluded were selected to represent a wide range in amount as well as particle 
size of insoluble solids. 

Data pertaining to the total microorganism content of 5 samples of com¬ 
mercial powdered pectin are shown in Table 2. 

No attempt is made to evaluate the data presented in Tables 1 and 2 
from a sanitary standpoint because of the complicated nature of the 
problem. The data appear to be of sufficient interest to warrant further 
consideration of the method as a tool in the bacteriological study of citrus 
products. Also, the method presented would appear to be readily adapt¬ 
able to fruit products other than citrus. 
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A STUDY OF THE TOXICITY FOR CATS OF THOSE 
NIGHTSHADE BERRIES OCCASIONALLY 
FOUND IN CANNED PEAS 

By Wm. T. McClosky and Wm. V. Eisenberg* (U. S. Food and Drug 
Administration, Federal Security Agency, Washington, D. C.) 

Examinations of canned peas have revealed that cans occasionally have 
contained as a contaminant the immature green berries of the black night¬ 
shade, Solarium nigrum L., and the yellow nightshade, S. villosum Mill. 
Both species occur as weeds in the pea-growing areas of the Northwest 
and find their way into the canneries during the harvest. The two species 
are very closely related and differ essentially in the greater amount of 
pubescence in villosum and the color of the mature fruit, which is black in 
nigrum and yellow in villosum . The size and appearance of the green ber¬ 
ries from these plants are such that they could easily be mistaken by the 
ordinary consumer for canned peas. Although the immature berries have 
an objectionable flavor, which of itself makes them undesirable in canned 
peas, the long history of reports indicating the poisonous character of the 
black nightshade, S. nigrum ) made it important that an investigation be 
conducted to determine whether or not these contaminants of canned 
peas are actually toxic. 

In the present study authentic specimens of S. nigrum L. and S. villosum 
Mill, f secured from various parts of the country were fed to cats. Thirty- 
five collections of plants of S. nigrum with attached berries were gathered 
from different localities in the states of California, Delaware, Georgia, 
Illinois, Louisiana, Maryland, Minnesota, Missouri, New York, Pennsyl¬ 
vania, Washington, and the District of Columbia. From these, 57 feedings 
with green berries and 15 with ripe black berries were conducted. Eight 
collections of S. villosum from different localities in the states of Califor¬ 
nia, Oregon, Utah, and Washington allowed 16 feedings with the green 
berries from these plants. 

The berries from the collected specimens were fed to the animals in 
portions of 20 berries of each type from a single collection. This number 
was selected because it exceeded the amounts found in the No. 2 size can 
of peas and represented a portion far in excess of what a person might con¬ 
sume of this accidental contaminant in canned peas. The 20 berries were 
weighed and cut into small pieces. They were then incorporated into 100 
grams of ground beef and fed to apparently healthy cats. The other mem¬ 
bers of the cat colony were used as controls. The controls received the 
ground meat ration without the addition of berries. The period of observa¬ 
tion was for 48 hours after the berries were fed. No symptoms of any kind 
were noted. The feeding data are summarized and tabulated below. 

* Joint contribution from Division of Pharmacology and Microanalytical Division. 

tThe authors wish to express their thanks to S. F. Blake of the Bureau of Plant Industry, 
U.S.D.A., for checking the identification of these specimens. 
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Summary of data on nightshade berries fed to cats 


SPECIMEN 

FEEDINGS 

AVERAGE AND RANGE OF 
WEIGHT OF 20 BERRIES 

AVERAGE AND RANGE 

or WEIGHT or CATS 

GRAMS OF 

BERRIES FEE 

EG. Or CAT 

S . nigrum green berries 

57 

grams 

3.5 (1.3-8.6) 

grams 

2754 (1950-4475) 

1.3 

S. nigrum ripe berries 

15 

4.8(2.4-10.0) 

2887 (2265-3325) 

1.7 

S . villosum green berries 

16 

4.0 (3.2-5.5) 

2996(2435-3425) 

1.3 


The results of this investigation clearly show that nightshade berries 
of the species S. nigrum L. and S. villosum Mill., currently found in oc¬ 
casional commercial samples of canned peas, are not toxic to cats and 
probably do not represent a serious problem from the standpoint of toxic¬ 
ity to the consumer. Other animal species will be tested as time permits. 
The presence of these berries, however, is an undesirable adulteration be¬ 
cause of their objectionable flavor, and the efforts of the canner should be 
directed to their removal from canned peas. 


VOLUMETRIC DETERMINATION OF ALKANOLAMINES 

IN EMULSIONS 


By J. H. Jones (Cosmetic Division, Food and Drug Administration, 
Federal Security Agency, Washington, D. C.) 


The alkanolamines combine with the higher fatty acids to form soaps 
that are useful as emulsifiers, and a number of such compounds have been 
proposed for use in the preparation of cosmetic creams and lotions. Among 
these are the mono-, di- and triethanolamines; tri-isopropanolamine and 
2-amino-2-methyl-l,3-propanediol (“amino glycol”)- Still other com¬ 
pounds of this type are available and may be found in cosmetics. 

Gravimetric methods for mono-, di-, and triethanolamine 1 ' 2 ' 8 have been 
published but apparently the quantitative determination of other amines 
of this type in emulsions has not been investigated. Usually the amine 
content of emulsions has been estimated from a nitrogen determination. 4 

In aqueous solution these amines can be accurately titrated. However, 
the general procedures for the isolation of organic amines can not be used 
here since most alkanolamines are neither extractable with organic sol¬ 
vents nor volatile with steam. Experiments have shown, however, that they 
may be separated from the interfering substances commonly present in 
cosmetic emulsions by the following procedure: The amine is extracted 
from the emulsion with hydrochloric or hydrobromic acid, excess acid is 


1 Shupe, I. S., This Journal, 24, 754, (1941). 
a Fleck, H. R., Analyst, 60, 77 (1935). 

»Eastland, C. ~ 

4 Biffen, F. M 


„ Analyst, ou, 77 uwaoj. _ 

. J., Evers, N„ and West, T. F., Analyst, 261 (1937). 
and Snell, F. D., Ind. Eng. Chem., Anal. Ed., 15, 517 (1943). 
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removed by evaporation, and the amine is liberated by treatment with 
silver oxide. After separation from the precipitated silver halide and excess 
silver oxide by filtration, the liberated amine is titrated with standard 
acid. The necessary correction for dissolved silver oxide is easily deter¬ 
mined by titration with potassium iodide solution and starch-iodine 
indicator. 5 

For monoethanolamine the reactions involved may be represented by 
the equations: 

(1) HOCH 2 CH 2 NH 8 OOCR-fHCl «HOCH 2 CH 2 NH 8 CH-RCOOH(s) 

(2a) H0CH 2 CH 2 NH 3 Cl+Ag0H(s)«H0CH 2 CH 2 NH 2 -hAgCl(s)4-H 2 0 

(2b) 2 HOCH 2 CH 2 NH 2 +AgOH(s) - Ag(HOCH 2 CH 2 NH 2 ) 2 OH 

(3a) 2 H0CH 2 CH 2 NH 2 +H 2 S0 4 MH0CH 2 CII 2 NH 8 ) 2 S0 4 

(3b) 2 Ag(HOCH 2 CH 2 NH 2 ) 2 OH-f3 H 2 S0 4 ~2(H0CH 2 CH 2 NH 2 ) 2 S0 4 

-fAg 2 S0 4 -f 2H 2 0 

(4) Ag 2 S0 4 -f 2 KI =*2 Agl(s) +K 2 S0 4 

Similar equations may be written for other amines. 

All of these reactions except that represented by Equation (2b) are 
quantitative. The equilibrium conditions in reaction (2b) are determined 
by the amine present and the concentration of the various reactants. 
Examination of Equations (3a) and (3b) shows that the total acid titration 
exceeds that required by the amine alone by an amount equal to the 
number of equivalents of dissolved silver oxide. The dissolved silver may 
be readily determined by the titration represented by Equation (4). Thus, 
the difference between the two titrations gives the acid needed to neutral¬ 
ize the amine alone. 

PROPOSED METHODS 

REAGENTS 

(a) Silver oxide suspension . —Dissolve 10 grams of AgNO* in approximately 100 
ml. of water and add a slight excess of NaOH. Wash the precipitated Ag 2 0 with 
water by decantation until free from NaOlI. Transfer to a glass-stoppered bottle and 
add enough water to make the total volume approximately 200 ml. Shake thor¬ 
oughly immediately before use. 

(b) Iodine-sulfuric acid solution (free from iodide). —Shake 5-10 grams of c.p. I 
with 50-75 ml. of approximately 1 N II 2 S0 4 in a glass-stoppered flask. Decant and 
discard the solution. Repeat the process until 5 ml. of the supernatant liquid gives no 
color with 50 ml. of water containing 2 ml. of 0.5% starch solution. 

(c) Starch indicator .—A 0.5% solution of soluble starch in water. 

(d) Methyl red indicator. —A 0.5% solution of methyl red in alcohol. 

(e) Standard sulfuric acid solution. — 0.02 N. Dilute 200 ml. of accurately stand¬ 
ardized 0.1 N H 2 S0 4 to exactly 1 liter with distilled water. 

(f) Standard iodide solution. —0.02 N. Dry c.p. KI for several hours at 135°C. 
Dissolve 3.320 grams of the dried salt in exactly 1 liter of distilled water. 

PROCEDURE 

Extraction of the amine. —Place a weighed sample of 1-4 grams in a 200 ml. 
beaker, add 10-20 ml. of acetone, and heat on the steam bath until the material dis- 

• Kolthoff and Furman, “Volumetric Analysis” Vol. II, p. 233. John Wiley and Sons. New York (1929). 
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solves or a fine suspension is obtained. Add 2-3 ml. of HC1 (or HBr) and stir thor¬ 
oughly. Slowly add 15-20 ml. of water and continue to heat until the acetone is 
volatilized. Remove from the steam bath and cool until the oils solidify. (Add stearic 
acid to raise the solidification point of liquid oils.) Loosen the solid oil layer from the 
sides of the beaker and decant the aqueous layer into a 100 ml. volumetric flask. 
Rinse the beaker and oil cake with approximately 10 ml. of water. To the oil remain¬ 
ing in the beaker, add 10-15 ml. of water and 2-3 drops of acid, heat to boiling, and 
stir thoroughly. Cool, and decant as before. Repeat the extraction, cool, decant, and 
finally wash the beaker and oil with several small portions of water. Bring the com¬ 
bined water extracts to room temperature, dilute to the mark with water, and mix 
thoroughly. 

Isolation and determination of the amine .—Place an aliquot of the acid extract 
containing 0.05-0.20 milliequivalents of base in a small beaker, concentrate to 2-5 
ml., place on the steam bath, and evaporate to dryness. Dissolve the residue in ap¬ 
proximately 5 ml. of water and add 1 drop of methyl red indicator. Add an excess of 
the silver oxide suspension (5 ml. is usually sufficient), stir thoroughly, wash down 
the sides of the beaker with a little water, and let stand for 5-10 minutes. Filter 
through a quantitative filter paper (the filtrate should be clear or only very faintly 
cloudy) into a 125 ml. titration flask and wash the beaker and filter with three 5 ml. 
portions of water. Titrate the filtrate with 0.02 N HjSO* to a permanent methyl red 
end point. (A sharp change from the intermediate to the acid color of the indicator 
occurs at the end point.) 

Add 2 ml. of the 0.5% starch solution and 5 ml. of the iodine-sulfuric acid solu¬ 
tion and titrate dropwise with 0.02 N KI to a permanent blue end point. Subtract 
from this titration the amount of 0.02 N KI required to give a deep blue color to a 
mixture of 50 ml. of water, 2 ml. of the starch solution, and 5 ml. of the iodine-sulfuric 
acid solution. (This blank should be less than 0.05 ml. of 0.02 N KI.) 

Subtract the corrected KI titration from the II2SO4 titration to obtain the acid 
equivalent to the amine alone. 

1 ml. of 0.02 N HaS0 4 * 1.222 mg. of monoethanolamine 
*=2.103 mg. of diethanolamine 
*=2.984 mg. of triethanolamine 
*=3.825 mg. of tri-isopropanolamine 
**2.103 mg. of “amino glycol” 

COMMENTS 

Methyl red appears to be the most suitable indicator for the titration of 
the alkanolamines. Sharp, reproducible end points are obtained in both 
macro and semi-micro titrations. Shupe 6 found that in the titration of 
morpholine, the basic properties of which are similar to those of the 
alkanolamines, the methyl red end point and equivalent point were 
identical. 

No samples of pure alkanolamines were available to check the accuracy 
of the titrations. A commercial sample of 2-amino-2-methyl-l,3-propane¬ 
diol was recrystallized from acetone and dried for several days over cal¬ 
cium chloride. The nitrogen content and macro titrations with either 
methyl red or methyl orange as indicator pointed to a purity of 97.5-98.0 
per cent. Figure 1 shows the significant portion of the titration curve of a 
semi-micro sample of this product and that the equivalent point and the 


• Shupe, I. 8 ., Thu Journal, 23, 824 (1040). 
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methyl red end point (acid color) coincide. Other alkanolamines would 
undoubtedly give similar titration curves since 0.2 to 0.002 M solutions 



&&• 0.02 £ Sulfuric Acid 

Fig. 1.—Titration curve op 2-amino-2-methyl-1,3-propanediol 
(11.90 MG. IN 25 ML. OF WATER). 

of the purified hydrochlorides of monoethanolamine, triethanolamine, tri- 
isopropanolamine, and 2-amino-2-methyl-l-propanol were all neutral or 
just acid to methyl red.. 
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The titration of silver with iodide and starch-iodine indicator in acid 
solution gives results accurate to 0.5 per cent in solutions as dilute as 
0.001 N. The alkanolamines do not interfere in the determination of silver 
by this method. 

The proposed procedure for the determination of alkanolamine in 
alkanolamine-silver oxide mixtures was tested as follows: For alkanola- 
mine-silver oxide solutions an aliquot of an approximately 0.02 N solution 
of the amine was treated with excess silver oxide. After 10-15 minutes the 
solution was filtered directly into a titration flask, and the beaker and 
filter were thoroughly washed with several small portions of distilled 
water. The alkanolamine content of this solution was then determined by 
the proposed procedure. Typical results are shown in Table 1. In each 


Table 1 . —Titration of alkanolamine-silver oxide mixtures 


AMINS 

ALIQUOT 

0.02 N HiSO« 

USXD 

0.02 N KI 

USXD 

NET 

TITRATION 


ml. 


ml. 

ml. 

Diethanolamine 

10.00 


— 

7.55* 


10.00 


— 

7.58* 


10.00 

8.55 

0.97 

7.58 


5.00 

4.60 

0.82 

3.78 

Monoethanolamine 

10.00 

8.15 

— 

8.15* 


10.00 

11.80 

3.65 

8.15 


5.00 

6.20 

2.15 

4.05 


• Direct titration, no silver oxide present. 


case, the net titration is substantially the same as that obtained in the 
direct titration of the amine solution. 

In the determination of the amine, extracted from emulsions, an equiva¬ 
lent or excess amount of chloride is present. This chloride is converted to 
silver chloride in the treatment with silver oxide. If any silver chloride is 
dissolved as the result of complex formation it will be slowly converted 
to silver iodide in the iodide titration. This causes the starch-iodine end 
point to fade, and if the titration is continued to a permanent blue color, 
the iodide titration will not be equivalent to the dissolved silver hydroxide. 
Silver chloride is slightly soluble in dilute aqueous solutions of amines; 
however, the presence of excess silver oxide, which is much more soluble 
in amine solutions, should greatly depress the solubility of the chloride. 
No evidence of the solution of titratable amounts of silver chloride could be 
found when the proposed procedure was used. If solution of silver chloride 
should occur, the use of hydrobromic acid would eliminate this source 
of error, since silver bromide is much less soluble in amine solutions than 
the chloride. Substitution of hydrobromic for hydrochloric acid did not 
affect the recovery of any of the alkanolamines investigated. With either 
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acid, if the filtrate is clear, a sharp permanent end point is obtained and 
the results of the analysis are satisfactory. 

Any uncoagulated silver chloride which passes through the filter will 
have the same effect as dissolved silver chloride. It is not advisable to use 
heat at this stage in order to coagulate the silver chloride precipitate. This 
usually causes some reduction of silver compounds to metallic silver, and 
furthermore ammonia or volatile amines, if present, may be partially ex¬ 
pelled by heating. A cloudy filtrate is rarely encountered in the analysis 
of alkanolamines by the proposed procedure, but should this occur, a re¬ 
filtration through the same filter usually eliminates the cloudiness. Also, 
if subsequent aliquots are filtered through the paper used for the first 


Table 2. —Analysis of purified compounds 


COMPOUND 

SAMPLE 

BIBB 

0.02 N HtSO« 

USED 

0.02 N KI 

USED 

amii 

POUND 

MS 

calculated 


mg. 

ml. 

ml. 

mg. 

mg. 

Monoethanolamine 

11.3 

7.60 

1.80 

7.09 

7.08 

hydrochloride 

11.3 

7.45 

1.65 

7.09 

7.08 


11.3 

7.42 

1.60 

7.11 

7.08 

Triethanolamine 

20.0 

5.87 

0.45 

16.2 

16.1 

hydrochloride 

20.0 

5.83 

0.45 

16.1 

16.1 


40.0 

11.10 

0.45 

31.8 

32.1 

Tri-isopropanolamine 

23.0 

5.48 

0.45 

19.2 

19.3 

hydrochloride 

23.0 

5.60 

0.53 

19.4 

19.3 

2-Amino-2-methyl-l- 

8.00 

4.33 

1.13 

5.70 

5.68 

propanol hydro¬ 

16.0 

8.62 

2.20 

11.4 1 

11.4 

chloride 

16.0 

8.40 

2.00 

11.4 

11.4 


aliquot, the filtrate is practically always clear. When hydrochloric acid is 
used for the extraction of emulsions which contain ammonia, it is some¬ 
times difficult to secure a clear filtrate even though refiltration is employed. 
For the extraction of such emulsions the use of hydrobromic acid is in¬ 
dicated. 

A number of alkanolamine hydrochlorides were prepared and purified 
by recrystallization to a constant melting point. Analytical results for 
these compounds are shown in Table 2. The average recovery of amine 
from these compounds is 100 per cent and the largest error in a single 
determination is 1 per cent. 

Approximately 0.02 N solutions were prepared from commercial sam¬ 
ples of monoethanolamine, diethanolamine, triethanolamine, tri-isopro- 
panolamine and “amino glycol” and standardized by macro titration. 
After addition of excess hydrochloric acid to aliquots of these solutions 
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Table 3. —Analysis of solutions of commercial alkanolamines 


COMPOUND 

AMINE 

ADDED* 

POUND 


mg. 

mg. 

Monoethanolamine 

4.88 

4.92 


9.76 

9.76 

Diethanolamine 

15.9 

16.0 


15.9 

15.8 

Triethanolamine 

8.88 

8.94 


17.8 

17.9 


17.8 

17.7 

Tri-isopropanolamine 

14.8 

15.1 


14.8 

14.9 

"Amino glycol’* 

11.7 

11.6 


11.7 

11.6 


* Calculated from the results of direct macro titration. 


and evaporation to dryness on the steam bath, the amine content was de¬ 
termined by the proposed procedure. The recoveries are shown in Table 3. 
The alkanolamine hydrochlorides are not volatilized or decomposed at 

Table 4.— Analysis of mixtures 


COMPOUNDS 


QUANT ITT* 


TOTAL BASlt 


POUND CALCULATED 


Triethanolamine 

mg. 

6.66 

5.15 

5.22 

and sodium hydroxide 

2.40 

5.15 


Monoethanolamine 

3.17 

4.90t 

4.90 

and ammonia 

0.78 

4.90t 




4.92t 


Triethanolamine 

6.66 

4.70 

4.72 

and borax 

9.55 



Monoethanolamine 

4.88 

4.00 

4.00 

and boric acid 

10.0 



“Amino glycol” 

9.53 

4.55 

4.53 

and boric acid 

10.0 




* Quantity in aliquot taken for analysis as determined by direct macro titration, 
t Hydrobromic acid used. 
t Milliequivalents XfiO. 
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100°C. Hence, there is no danger of loss of amine in the determination of 
these substances even if the residue of amine hydrochloride is heated on 
the steam bath for some time after evaporation to dryness. 

Metallic and ammonium soaps are also used in the preparation of emul¬ 
sions and mixtures of an organic amine and an inorganic base may be en- 


Table 5. —Analysis of emulsions 


EMULSION 

NO. 

INGREDIENTS 

WEIGHT* 

AMINlt 

FOUND 

CALCULATED 



gram 

mg. 

mg. 


Triethanolamine 

0.0666 

16.7 

16.7 

1 

Stearic acid 

0.5 

16.8 



Water 

ca. 2.0 




Triethanolamine 

0.0666 

16.7 

16.7 

2 

Beeswax 

0.25 

16.6 



Mineral oil 

2.0 




Water 

ca. 2.0 




Triethanolamine 

0.0666 

13.3 

13.3 


Glycerin 

0.5 

13.6 


3 

Stearic acid 

0.5 




Mineral oil 

1.0 




Water 

ca. 2.0 




Borax 

0.0955 

Total Basel 


Triethanolamine 

0.0666 

4.70 

4.72 

4 

Spermaceti 

0.25 

4.70 



Beeswax 

0.25 




Mineral oil 

2.0 




Water 

ca. 5.00 




* Entire sample. 

J in aliquot taken for final titration. 
Milliequivalents XflO. 


countered. Mixtures of alkanolamines and inorganic bases were prepared 
and analyzed by the proposed method. Results of these experiments are 
shown in Table 4. As would be expected the total base was recovered in 
each case. 

The borate salt of one of the amines has been proposed for use in cos¬ 
metics. As shown in Table 4 addition of 1-2 equivalents of boric acid to 
solutions of monoethanolamine and “amino glycol” did not affect the 
recovery of the amine. In a single experiment (not tabulated) in which a 
much larger excess of boric acid was added to monoethanola min e the net 
titration was about 0.1 ml. low. 
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Cosmetic emulsions ordinarily contain only small amounts, i.e. 1-2 per 
cent, of emulsifier. Extraction of the amine from large samples is usually 
rather troublesome, and for this reason it is desirable to use as small a 
sample as possible. If the final determination is conducted on a semi-micro 
scale, enough amine for duplicate or triplicate analyses may be obtained 
from samples of 1-4 grams. A sample of this size is sufficiently large to be 
representative of the entire emulsion and is ordinarily fairly easy to ex¬ 
tract. 

The efficiency of the proposed extraction procedure was tested as fol¬ 
lows: Measured amounts of the amine and other ingredients were placed 
in a beaker, heated on the steam bath to 70-80°C., and stirred until thor¬ 
oughly emulsified. The entire sample was then extracted and the amine 
determined. The results, as shown in Table 5, appear satisfactory. Other 
methods for separation of the amine from the emulsion, such as extraction 
of the oils and fatty acids from an acidified solution, may be used if de¬ 
sired. 

The accuracy of the proposed method equals that of a nitrogen determi¬ 
nation, but less time is required for an analysis. This saving in time is 
considerable when, as is often the case, it would be necessary to make a 
preliminary separation of the emulsion prior to the Kjeldahl digestion 
because of the low amine (and nitrogen) content. An obvious advantage 
of the proposed method is that it may be applied directly to mixtures 
which contain non-titrable nitrogen compounds in addition to the 
emulsifier. 

SUMMARY 

A semi-micro volumetric method for the determination of alkanolamines 
in emulsions has been presented. When an inorganic base is also present 
the method may be used to determine the total base. 

Typical results are given. 


DETERMINATION AND IDENTIFICATION OF 
2-AMINOANTHRAQUINONE IN D&C BLUE NO. 9 

By 0. L. Evenson (Cosmetic Division, Food and Drug Administration, 
Federal Security Agency, Washington, D. C.) 

The intermediate 2-aminoanthraquinone is used in the preparation of 
D&C Blue No. 9 (3,3'-dichloroindanthrene). This color, also known as 
Carbanthrene Blue, is included in the list of those that may be certified by 
the U. S. Food and Drug Administration for use in drugs and cosmetics. 1 
In the proposed method 2-aminoanthraquinone is separated from the 


* “8.R.A. F.D.C. 3,” Food & Drug Administration, Federal Security Agency 
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dye and treated with bromine, which destroys any trace of dye remaining 
and converts the intermediate into 2-amino-l, 3-dibromoanthraquinone. 
This is estimated colorimetrically. The intermediate is identified by the 
melting point of the bromine compound and that of its acetyl derivative. 

METHOD 

REAGENTS 

(a) Ethyl alcohol. —95%. 

(b) Bromine water. 

(c) Hydrazine sulfate . —Saturated solution. 

(d) Standard solution of 2-aminoanthraquinone. —Dissolve 50 mg. in 500 ml. of 
95% ethyl alcohol. 

DETERMINATION 

In a tall, 300 ml. beaker dissolve 0.2 gram of D&C Blue No. 9 in about 3 ml. of 
H,S0 4 , using a glass rod to break up the lumps. Add carefully small quantities of 
alcohol, stirring after each addition, until 75 ml. has been added. Heat on the steam 
bath with occasional stirring foi about 30 minutes, transfer to a 100 ml. volumetric 
flask, cool, make to mark with alcohol, and filter. 

Pipet 10 ml. or less of the filtrate into a suitable test tube. Prepare a series of 
standards containing from 0.05 to 0.15 mg. of 2-aminoanthraquinone in the same 
volume of alcohol and acidify with 0.1 ml. of H 2 SO 4 . To the standards and the un¬ 
known add 0.1 ml. of bromine water, 0.1 ml. of hydrazine sulfate, and 10 ml. of 
water. Mix after each addition and compare the unknown with the standards. 

Known quantities of 2-aminoanthraquinone in alcoholic solution were 
added to weighed aliquots of D&C Blue No. 9 and recoveries determined. 
The sample of D&C Blue No. 9, used for this purpose and taken from a 
certified batch, gave a negative test for the free intermediate by this 
method. The results in Table 1 indicate a recovery of approximately 95 
per cent. 

Table 1.— Recoveries on samples of D&C Blue No. 9 containing known 
quantities of intermediate 


NO. 

WEIGHT OF COLOB 


2-aminoanthraquinone 

ADDED 

FOUND 

KBCOVBBT 


mg. 

mg. 

mg. 

percent 

1 

100 

0.5 

0.48 

96 

2 

100 

1.0 

0.96 

96 

3 

200 

2.0 

1.94 

97 

4 

300 

2.5 

2.45 

98 

5 

200 

4.0 

3.80 

95 

6 

200 

1.0 

0.95 

95 

7 

200 

0.5 

0.47 

94 

8 

200 

0.25 

0.237 

95 

9 

200 

1.50 

Average 

1.40 

93 

95.4 


For the purpose of identification the melting points of the 2-amino-l, 
3-dibromoanthraquinone and its acetyl derivative were obtained. 
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Scholl 2 has shown that bromination of 2-aminoanthraquinone in sul¬ 
furic acid solution with an excess of bromine leads to the formation of the 
dibromo derivative and that by acetylation of this product two acetyl 
groups are introduced. 


IDENTIFICATION 

Preparation of 2-amino-l ,3-dibromoanthraquinone .—In a 2 liter Erlenmcyer flask 
dissolve 500 mg. of 2-aminoanthraquinone in 500 ml. of 95% alcohol and acidify 
with about 2 ml. of H 2 SO 4 . Cool to about 50°C., add 2 grams of bromine, stopper, 
and shake at intervals for about 15 minutes. Dilute with an equal volume of water, 
shake, and after about 15 minutes filter and wash with a few ml. of 50% alcohol. 

The product crystallized from alcohol in orange-brown needles. When 
recrystallized from 95 per cent alcohol, it melted at 247°C. 3 (Melting 
Point Apparatus by K. S. Markley, stem immersed, no correction re¬ 
quired). This was not changed by an additional recrystallization. Scholl 
obtained a melting point of 239, while Ullman and Medenvald 4 report a 
corrected melting point of 249.5°C. on the recrystallized product. 

Preparation of the diacetyl derivative .—Dissolve 2-ainino-l, 3-dibromoanthraqui- 
none in acetic anhydride and reflux for about 10 hours. Dilute with water, filter, and 
wash with water. 

The product, which separated on dilution with water, was recrystallized 
from 95 per cent alcohol as yellow green rods. After a second recrystalliza¬ 
tion the melting point was 211°C. 8 An additional recrystallization did not 
change this figure. This product contained 33.9 per cent of bromine. 5 The 
theoretical figure for 2-(N-diacetyl)-l, 3-dibromoanthraquinone is 34.4 
per cent. 

To obtain the intermediate from the color for the purpose of identification, dilute 
the acid alcoholic filtrate (see method) with twice its volume of water and shake with 
ether. Wash the solvent with a few ml. of water and evaporate to dryness. Dissolve 
the residue in alcohol and prepare the derivatives. 

SUMMARY 

A colorimetric method has been presented for the quantitative estima¬ 
tion of 2-aminoanthraquinone in D&C Blue No. 9. The intermediate is 
removed from the color and treated with bromine to form 2-amino-l, 3- 
dibromoanthraquinone, which is compared colorimetrically with stand¬ 
ards. A 95 per cent recovery is indicated. 

2-Amino-l, 3-dibromoanthraquinone and its acetyl derivative were pre¬ 
pared for identification of the intermediate. Their melting points were 
found to be respectively 247° and 211°C. 

* Scholl, R., Ber. 40 (2), 1701 (1907). 

« Ind. Eng Chem., Anal . Ed., 6, 47ft (1934). 

< Ullman, F. and Medenvald, R., Ber., 46 (2), 1803,1808 (1913). 

‘ Clark, G. R. and Jones, J. H., Thin Journal, 26,433 (1943). 
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MODIFICATION OF PICRIC ACID METHOD FOR DETERMINA¬ 
TION OF HYDROCYANIC ACID IN WHITE CLOVER PLANTS* 

By J. T. Sullivan f (U. S. Regional Pasture Research Laboratory, 
State College, Pa.) 

The method previously proposed from this Laboratory for the quanti¬ 
tative determination of hydrocyanic acid in white clover involved the 
assumption that this acid was liberated from its parent glucoside by the 
hydrolyzing enzyme present in the plant. 1 The glucoside has since been 
isolated by Melville and Doak 2 and found to be a mixture of linamarin 
and lotoaustralin, and was shown by Coop 8 to be hydrolyzed bylina- 
marase prepared either from linseed or from the clover plant. That the 
enzyme is not present in every plant that contains the glucoside has been 
brought out by the observations of Corkill. 4 Complete hydrolysis of the 
glucoside in plants deficient in the enzyme has been obtained by Melville, 
Coop, Doak, and Reifer 6 after the addition of the prepared linamarase. 
The present paper presents a modification of the previously published pro¬ 
cedure and contains data which emphasize the necessity of supplementing 
the enzyme activity of the plant in the quantitative determination of the 
total potential HCN in white clover. 

MATERIAL AND METHODS 

According to the work of Corkill 4 white clover plants may be grouped 
into four classes. These classes may be numbered for convenience and de¬ 
scribed as follows: I. Contains both glucoside and enzyme; II. contains 
the glucoside but not the enzyme; III. contains the enzyme but not the 
glucoside; and IV. contains neither the glucoside nor the enzyme. 

Plants of all four classes were available from studies carried out in this 
Laboratory on the inheritance of the glucoside and enzyme. 6 Plants known 
to belong to each of these classes, as determined by qualitative or roughly 
quantitative tests, were increased clonally to furnish material for this 
quantitative study. 

Linamarase solution was prepared according to the directions of Coop 8 
and contained 0.8 per cent solids. Two samples of takadiastase, also ca¬ 
pable of liberating HCN from its parent glucoside, were available, one an 
old commercial preparation and the other a fresh undiluted takadiastase. 

The procedure used for the analysis was that previously described, 1 


* Contribution No. 65. of the U. S. Regional Pasture Research Laboratory, Division of Forage Crops 
and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Ad¬ 
ministration, U. 8. Department of Agriculture, State College, Pennsylvania, m cooperation with the 
northeastern states. 

t Physiologist. 

1 Sullivan, J. T., Thie Journal , 22, 781 (1989) 

* Melville, J., and Doak, B. W., New Zealand J . Sci. Tech., 22B, 67 (1940). 

» Coop, I. E., Ibid., 22B, 71 (1940). 

4 Corkill, L., Ibid., 66. 

* Ibid., 144. 

* Atwood, S. 8., and Sullivan, J. T., J. Heredity , 84,811 (1943). 
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with two exceptions: (1) the treatment previous to distillation was modi¬ 
fied and described for each case, and (2) a glass filter with light absorption 
equivalent to a 10 per cent copper sulfate solution was substituted for the 
solution itself in the photometer. In all cases fresh leaves of white clover, 
including petioles, were used for an analysis, and the results are reported 
as milligrams of HCN in 100 grams of fresh leaves. The sample, usually 10 
grams, was subjected to any treatments necessary, such as grinding and 
enzyme additions (described later), and placed in short-necked 500 ml. 
Kjeldahl flasks fitted with rubber stoppers covered with tinfoil. After a 
period of incubation at room temperature, the stoppers were removed; 
the flask was quickly fitted to the distillation apparatus; and steam dis¬ 
tillation was carried out. An aliquot of the distillate was heated with al¬ 
kaline picrate and the color change measured in a photometer. 

RESULTS 

Analysis of Various Classes of Clover .—Some results indicating the type 
of data obtained from the four classes of plants described above are given 


Table 1 . —Yields of HCN (mg./100 grams ) from unground clover leaves after various 
additions and after incubation at room temperature 


CLABB 

CLONE 

NO. 

PERIOD or 

INCUBATION 

BEfORB 

DISTILLING 

NO 

ADDITIONS 

ADDITION 

OF 5 ML. 

TOLUENE 

ADDITION 

OF TOLUENE 

AND 1 ML. 

LINAMARASE 

ADDITION 

OF TOLUENE 

AND 0.1 GRAM 

TAKADIASTA8B 

I 

24(8) 

days 

1 

3.0 

10.7 

14.3 

13.8 

I 

24(23) 

1 

— 

8.8 

12.6 

— 

II 

25(20) 

1 

— 

0.9 

7.0 

— 

II 

25(10) 

7 

— 

2.0 

18.8 

— 

III 

25(19) 

None 

— 

0.8 

— 

— 

III 

25(19) 

1 

— 

— 

1.2 

— 

IV 

24(2) 

None 

— 

0.6 

— 

— 

IV 

24(2) 

1 

— 

— 

1.1 

0.9 


in Table 1. These results were obtained with unground leaves to which the 
additions given in the table were made. In Class I, although natural en¬ 
zyme was present, the yield was increased during short periods of incuba¬ 
tion by added linamarase or takadiastase. Very low yields were obtained 
in Class II unless enzyme was added. Classes III and IV, lacking in HCN 
in qualitative tests which determined the class, yielded small amounts 
with steam distillation both with and without the addition of enzyme. One 
preparation of linamarase subjected to distillation gave a yield of approxi¬ 
mately 0.001 mg. of HCN per ml., an insufficient amount to account for 
the yields obtained. The other preparation of linamarase and the taka¬ 
diastase preparations yielded no HCN. It may be that Classes III and IV 
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are not entirely free from HCN, or that some other substance present in 
minor amounts gives the same reaction. Doak 7 suspected the presence of a 
volatile substance, which may have been an unsaturated acid, interfering 
in the determination of HCN in clover by an iodine or silver nitrate titra¬ 
tion of the steam distillate. The presence of hexenal in the steam distillate 
from cut leaves also suggests a possible interference. In the absence of 
definite proof of an interfering substance in the picric acid procedure it 
may be concluded that these representatives of Classes III and IV which 
were studied contain minute amounts of HCN not detected by the quali¬ 
tative method. 

Since Classes III and IV are of no great interest in this phase of the 
problem, only Classes I and II will be considered further. 

Conditions for Maximum Yield in Classes I and II .—In Class II, it is 
obvious that added enzyme is essential for the recovery of HCN from the 
plant. In Class I added enzyme may hasten the complete hydrolysis of the 
glucoside. Studies were made, therefore, within these two classes of the 
effect of various treatments of the leaves before incubation, such as addi¬ 
tion of enzyme, addition of toluene, freezing and thawing of the leaves, 
grinding in a mortar with sand and disintegration in a Waring blendor, 
and also on the duration of the incubation. Any additions, when made, 
followed any grinding and were in the following amounts; toluene 5 ml.; 
linamarase 1 ml., occasionally 5 ml.; takadiastase 0.1 gram of solid. Freez¬ 
ing was accomplished by placing the stoppered flask inside the freezing 
unit of a refrigerator until the contents were frozen solid. When enzyme 
addition was combined with freezing, the enzyme was sometimes added 
before, and sometimes after, freezing. The grinding with sand in a mortar 
required several minutes, after which the leaf remnants were transferred 
to the flask with the aid of distilled water from a wash bottle. Disintegra¬ 
tion of the leaves under water in the blendor seemed to be as complete as 
necessary in less than one minute, and in this case also the remnants were 
transferred to the flask with water. If no grinding was resorted to, about 
25 ml. of water was always added to aid the distribution of added enzyme. 

The results of some comparisons are given in Table 2. Because of insuf¬ 
ficient plant material and equipment all determinations were not made at 
the same time and valid comparisons may thus be made only within 
samples harvested at the same time. For convenience, the determinations 
being compared are grouped as an “experiment.” 

With Class I, which contained plant enzyme, no HCN was evolved 
from untreated leaves, but the addition of toluene alone caused the evolu¬ 
tion of the greater part but not all of the HCN; a still greater yield was 
obtained with added enzyme. In Experiment 2 only 19.5 mg. of HCN was 
obtained after 11 days 7 incubation with toluene as compared with 23.5 


7 New Zealand J. Sc*. Tech., 20k, 163 (1938). 
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Tablb 2. —Yields of HCN (mg./100 grams) from clover leaves after various treatments 
and after incubation at room temperature 






TREATMENT PREVIOUS TO INCUBATION— 

CLASS 

EXPT. 

CLONE 

TIME 

INCUBA¬ 

TION 

NO 

TREAT¬ 

MENT 

TOLUENE 

ONLY 

GRIND¬ 

ING 

ONLY 

GRIND¬ 

ING 

AND 

TOLUENE 

TOLUENE 

AND 

ENZYME 

FREEZING, 

TOLUENE, 

AND 

ENZYME 

GRINDING, 

TOLUENE, 

AND 

ENZYME 

I 

1 

12(30) 

1 day 


14.3 




MM 



2 

12(30) 

2 days 





23.51 

Em 





11 days 


19.5 



25.0> 

mm 



3 

12(30) 

None 

1.0 


6.0* 




7.6 1,1 




6 hours 




32 4* 



Sl.Oi* 




1 day 




40.0* 



38.01* 




11 days 







38.0i* 


4 

25(13) 

None 


1 3 









1 day 


6.2 









3 days 


7.0 







5 

24(8) 

3 days 

None 

9.6 



16 01 

16.21 





3 days 





10.6* 




6 

24(8) 

4 hours 




17.5 4 



19.0i- 4 




1 day 




21 2 4 


, 

21.2i* 4 




3 days 




22.0 4 



22 0i- 4 

II 

7 

26(13) 

1 day 





7.9i 






4 days 





10.8i 






8 days 





12.2i 






19 days 


3.1 



12.8i 




8 

26(13) 

1 day 







11.5i- 4 




3 days 







4.5 8,4 




3 days 







11.71* 




3 days 
15 days 





11.81 


12 01* 


0 

25(10) 

6 hours 







16.0i 4 




1 day 







21.8i* 4 




5 days 





22.01 


22.0i 4 


10 

25(10) 

None 







1 5‘* 




4 hours 







11 . 01 * 




1 day 







20.5i* 




11 days 







22 71 •* 


1 Linamarase. 

* Undiluted takadiastase. 

* Commercial takadiastase. 

4 Grinding in mortar with sand. 

* Grinding m blender. 


mg. after only two days 7 treatment with toluene and linamarase. A similar 
comparison may be made in Experiment 5. Little advantage was observed 
in freezing the leaves. Grinding, when combined with incubation with 
toluene, caused a rapid attainment of the maximum HCN yield. Addition¬ 
al yield was not obtained by adding enzyme to ground leaves when the 
incubation was maintained for at least one day. 
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In Class II, enzyme was essential and the necessity of grinding only has 
been emphasized. Without grinding (Experiment 7) the yield continued 
steadily beyond the eighth day, but with grinding (Experiments 8,9, and 
10) the maximum was reached, or nearly so, in one day. 

The source of enzyme appeared to make some difference in the results. 
Takadiastase, though added in much larger amounts than linamarase, 
sometimes gave a lower yield of HCN than did linamarase. The method of 
grinding, on the other hand, appeared to make no difference. Since grind¬ 
ing in the blendor was quicker and less laborious, it was favored. 

To determine whether a loss in HCN occurred while the plant was being 
disintegrated in the blendor, four 10-gram samples of clone 24, 8 Class 
I, were gathered. Two samples were immediately placed in flasks with 
added enzyme and toluene, and the flasks were stoppered. The remaining 
two samples were ground in the blendor, washed into flasks, and after 
enzyme and toluene had been added the flasks were stoppered. All four 
samples were stored before distillation for 10 days, a period of time be¬ 
lieved sufficient to cause the maximum hydrolysis of the glucoside, even 
with unground leaves. On distillation, the unground samples yielded 22.7 
and 21.9 mg. of HCN per 100 grams and the ground samples 22.2 and 22.7 
mg. Thus no loss of HCN may be assumed to have occurred in the grind¬ 
ing process. 

The time of incubation necessary for maximum yields, after grinding 
and addition of enzyme, varied slightly in different experiments. In Exper¬ 
iment 3 one day was sufficient; in Experiments 6, 8, 9, and 10 only slight 
increases were observed beyond one day. Incubation at 37°, as used by 
Melville, et al., 6 may hasten the hydrolysis. However, no studies were 
made on the effect of the temperature of incubation or on the influence of 
the hydrogen-ion concentration. 

From the above data it appears that the addition of an enzyme prepa¬ 
ration should be incorporated into the procedure for determining HCN in 
white clover, and that disintegration of the leaves is essential if the maxi¬ 
mum yield of HCN is to be obtained after a reasonably short digestion 
period. Since the class to which a particular plant belongs cannot be deter¬ 
mined without preliminary testing, enzyme should be added in all deter¬ 
minations if the total quantity of HCN is the object of the analysis. 

MODIFIED PROCEDURE 

Grind 10 grams of fresh clover leaves with water in a Waring blendor or with sand, 
in a mortar. Transfer the liquid and the leaf fragments to a flask, add 1 ml. of lina¬ 
marase solution and a few ml. of toluene, stopper the flask tightly, and allow the 
sample to incubate for at least 1 day. Remove the stopper, immediately connect the 
flask to a distilling apparatus, and steam distil 80-90 ml., catching the distillate in 
a beaker containing 5 ml. of 2% KOH. During the first half of the distillation have 
the tip of the condenser dipping below the surface of the liquid in the beaker. Heat 


■ Nye, W., and Spoehr, H. A., Arch. Biockem 2, 23 (1943). 
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an aliquot of the distillate with alkaline picrate solution and compare the color 
change with a blank determination by means of a photometer as previously de¬ 
scribed. 1 

Addition of Enzyme to Sudan Grass .—Hydrocyanic acid in Sudan grass 
has been determined by the same procedure as used with white clover. 
To determine the influence of added enzyme, a composite sample of Sudan 
grass leaves was taken from a number of plants, cut into small pieces with 
shears, and divided into 10-gram lots, and to some lots additions were 
made as before. They were stored without further grinding. When toluene 
only had been added, the yield of HCN per 100 grams of leaves increased 
from 21.5 at two days* incubation to 26.0 mg. at 13 days. When linamarase 
as well as toluene had been added, the yield increased from 25.0 mg. at 
two days to 26.4 mg. at 13 days. With added takadiastase a sample stored 
13 days yielded 27.5 mg. of HCN. Hence the addition of enzyme to un- 
ground leaves caused slightly greater yields of HCN for the same period of 
incubation time. 

SUMMARY 

A modification of a previously published procedure for the determina¬ 
tion of HCN in white clover is described. Disintegration of the leaves by 
grinding, addition of a quantity of linamarase as well as toluene, and incu¬ 
bation in a closed flask for at least one day before distillation are advised. 


IMPROVED DITHIZONE PROCEDURE FOR DETER¬ 
MINATION OF ZINC IN FOODS 

By 0. R. Alexander and L. V. Taylor* (American Can 
Company, Research Department, Maywood, Ill.) 

The present tentative microcolorimetric procedure 1 for the determina¬ 
tion of zinc in foods has been subject to criticism for numerous reasons. 
Collaborative studies have shown appreciable variations in results ob¬ 
tained by the method, which may have been due partially to relative in¬ 
experience of the collaborators in working with dithizone procedures or to 
inherent shortcomings of the method. With the more or less common crit¬ 
icisms in mind the authors undertook the problem of devising a more 
suitable dithizone procedure for zinc in foods to be ultimately subjected 
to collaborative work prior to its recommendation to the Association of 
Official Agricultural Chemists for acceptance as official. 

The revised procedure involves the wet oxidation of the sample; elim¬ 
ination of lead, copper, cadmium, bismuth, antimony, tin, mercury, and 
silver as sulfides with added copper as a scavenger agent; a simultaneous 


* Associate Referee for Zinc Methods. 

* Method* of Analytu, A.O.A.C., 1940, 415. 
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elimination of cobalt and nickel by extracting the metal complexes of a 
-nitroso-b-naphthol and dimethyl-glyoxime, respectively, with chloro¬ 
form; extraction of the zinc dithizonate with carbon tetrachloride; trans¬ 
fer of the zinc to dilute hydrochloric acid; and a final extraction of the 
zinc dithizonate for color measurement. 

Holland and Ritchie, 2 and Cowling 8 have reported some difficulty in 
dissolving the zinc in the ash of some products. There have also been in¬ 
stances in previous work in which loss of zinc during dry ashing was sus¬ 
pected. This question has been eliminated in the revised technic. It has 
been the experience at this laboratory that the contamination due to the 
use of the relatively large volumes of oxidizing acids need not be serious 
if the reagents are selected with reasonable care from reliable sources. It is 
considered that the ever-present danger of loss due to volatilizing during 
dry ashing or to fixation of the zinc on the containing dish or in the ash 
itself is more difficult to overcome than any contamination due to acids 
used in the wet oxidation. 

The workers mentioned previously have used the diethyldithiocar- 
bamate competitive complex in combination with mixed color dithizone 
technics to remove the interference of certain dithizonate-forming metals. 
Cowling and Miller 4 have shown that when zinc is extracted with dithi¬ 
zone from an aqueous solution containing carbamate, part of the zinc 
exists as the carbamate and resists extraction as the dithizonate. By keep¬ 
ing constant all the factors pertaining to the distribution of zinc between 
the carbamate and dithizone complexes as well as the distribution of ex¬ 
cess dithizone between the aqueous and solvent phases, the zinc concen¬ 
tration-light transmission relationship is reproducible. The introduction 
of this rigid empiricism, however, is not entirely favored. Use of carbamate 
and its resultant objections is obviated in the proposed revision by em¬ 
ploying a sulfide separation to eliminate some of the dithizonate-forming 
metals. 

In the procedures devised by Cowling, 8 Holland and Ritchie, 2 and ear¬ 
lier investigators, P. L. Hibbard, 6 and E. B. Sandell, 6 the elimination of 
cobalt, nickel, cadmium, and bismuth is not carried out in an entirely 
satisfactory and convenient manner. The proposed technic has yielded 
accurate and reproducible results in the presence of all interfering elements 
commonly found in food products. 

The questionable zinc contamination due to extraction from Pyrex 
glassware has been a persistent source of difficulty in all dithizone zinc 
methods employing alkaline extractions. No progress was made by the 
authors toward eliminating this source of error. The problem was taken 


s This Journal , 24, 348 (1041). 

* Ibid., 520. 

4 Ind Eng. Chem., Anal. Ed., 13,145 


(1941). 
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up with the glassware manufacturers, but to date no apparent steps have 
been taken toward its solution. From past experience, however, this dif¬ 
ficulty may be reduced so that it is of little consequence provided the 
proper precautions are observed. 

The details of the method follow: 

ZINC IN FOOD PRODUCTS 

Spectrophotometric Method 

(All water employed throughout must be redistilled from glass.) 

REAGENTS 

(a) Nitric acid. — C.P., concentrated (should be redistilled if appreciably con¬ 
taminated, although not usually necessary). 

(b) Sulfuric acid. — C.P., concentrated (should be tested if zinc contamination is 
suspected). 

(c) Ammonium hydroxide. —C.P., concentrated (should be redistilled if ap¬ 
preciably contaminated). 

(d) Copper sulfate solution. —Dissolve 8 grams of CuS0 4 -5HjsO in water and di¬ 
lute to 1 liter. 1 ml. contains 2 mg. of copper. 

(e) Ammonium citrate solution. —Dissolve 225 grams in water and make alkaline 
to phenol red with NH 4 OH and add 75 ml. excess. Dilute to 2 liters. This solution 
should be extracted immediately before use as follows: Add an excess of dithizone 
and extract with CC1 4 until the solvent layer is a clear bright green. Remove excess 
dithizone by repeated extraction with CHC1 3 , and finally extract once more with 
CC1 4 . It is essential that excess dithizone be entirely removed, otherwise zinc will be 
lost during the elimination of cobalt and nickel. 

(f) Dimethylglyoxime solution. —Dissolve 2 grams of the reagent in 10 ml. of 
NH 4 OII and 200-300 ml. of water, filter, and dilute to 1 liter. 

(g) a-Nitroso-b-naphthol solution. —Dissolve 0.25 gram in CHC1 3 and dilute to 
500 ml. 

(h) Chloroform. — Redistilled. 

(i) Diphenylthiocarbazone (dithizone ).—Dissolve 0.125 gram in 5 ml. of NIl 4 OH, 
add 250 ml. of water, and extract repeatedly with CC1 4 until the solvent layer is a 
clear, bright green color. Discard the solvent layer and filter the aqueous portion 
through a washed ashless paper. This solution is best prepared as needed since it is 
only moderately stable, even when kept in the dark and under refrigeration. 

(j) Carbon tetrachloride. —Redistilled. 

(k) Hydrochloric acid. —0.04 N. Dilute the required amount of concentrated 
C.P. acid with water (redistilled acid may be used although not usually required). 

(l) Standard zinc solution. —Dissolve 0.500 gram of pure granulated zinc in a 
slight excess of dilute HC1 and dilute to 1000 ml. For use dilute 10 ml. of this stock 
solution to 1000 ml. with 0.04 N HC1. 1 ml. of this working standard contains 5 
micrograms of zinc. 

DETERMINATION 

Preparation of Sample. —Weigh a representative sample not exceeding 25 grams 
of material, estimated to contain 25-100 micrograms of zinc, into a 250 ml. Erlen- 
meyer flask. If the sample is a liquid, evaporate to a small volume. Add concentrated 
HNOs and heat cautiously until the first vigorous reaction subsides somewhat, then 
add 5 ml. of HaS0 4 . Continue heating, adding more llNOs in small increments if 
necessary to prevent charring, until fumes of S0 3 are evolved and the solution re¬ 
mains clear and almost water white. Add 0.5 ml. of HC10 4 and continue heating 
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until the HCIO4 has been almost completely removed. Allow to oool and dilute to 
about 40 ml. 

Separation of Sulfide Group .—To the H 1 SO 4 solution add 2 drops of methyl red 
indicator and 1 ml. of the CuSO 4 solution, and neutralize with concentrated NH 4 OH. 
Add sufficient HC1 to make the solution approximately 0.15 N with respect to this 
acid (approximately 0.5 ml. excess in 50 ml. of solution is satisfactory). The pH 
of the solution at this point as measured with a glass electrode is 1.0-2.1. Pass in 
HaS at a moderately rapid rate until precipitation is complete. Filter through a fine- 
textured paper (Whatman No. 42 or equivalent) into a 250 ml. beaker and wash with 
3 or 4 small portions of water. Boil the filtrate until the H a S has been completely 
expelled. A few ml. of bromine water will serve to oxidize the last traces of HaS. 
Dilute the resulting solution to 100 ml. 

Elimination of Nickel and Cobalt. —Transfer a 20 ml. aliquot of the prepared solu¬ 
tion to a 125 ml. separatory funnel } add 5 ml. of the ammonium citrate buffer, 2 ml. 
of the dimethylglyoxime solution, and 10 ml. of the a-nitroso-b-naphthol solution 
and shake for 2 minutes. Discard the solvent layer and extract with 10 ml. of CHC1* 
to remove the residual a-nitroso-b-naphthol. Discard the solvent layer. 

Isolation and Estimation of Zinc. —To the aqueous phase following the removal of 
nickel and cobalt, which at this point has a pH of 8.0-8.2, add 2.0 ml. of the dithizone 
solution and 10 ml. of CCI4, and shake for 2 minutes. Allow the phases to separate, 
and remove the aqueous layer as completely as possible, withdrawing the liquid by 
means of a pipet attached to a vacuum line. Add approximately 25 ml. of water, and 
without shaking again draw off the aqueous layer. Add 25 ml. of the 0.04 N HC1 and 
shake for 1 minute to transfer the zinc to the acid-aqueous layer. Draw off and 
discard the solvent, being careful to dislodge and remove the drop that usually 
floats on the surface. To the acid solution add 5.0 ml. of the ammonium citrate solu¬ 
tion and 10.0 ml. of CCI4. The pH of the solution at this point is 8.8-9.0. Determine 
the amount of dithizone to be added as follows: To a separatory funnel containing 
4.0 ml. of the working zinc standard (20 micrograms) made up to 25 ml. with the 
0.04 N HC 1 , 5.0 ml. of the citrate buffer, and 10.0 ml. of CCI4, add the dithizone re¬ 
agent in 0.1 ml. increments, shaking briefly after each addition until a faint yellow 
color in the aqueous phase indicates a bare excess of the reagent. Multiply the vol¬ 
ume of dithizone solution required by 1.5 and add this volume (to the nearest 0.05 
ml.) to all samples. Shake for 2 minutes. By means of a pipet transfer exactly 5.0 mi. 
of the solvent layer to the spectrophotometer cell, dilute with 10.0 ml. of CCU, and 
determine the spectral transmission at 530 m/t. (The dilution may be made in a clean, 
dry test tube if the design of the cell does not permit mixing directly. A Coleman 
Universal Model 11 spectrophotometer with square test tube cuvettes was used 
throughout this investigation.) 

Preparation of Standard Curves .—Prepare a series of separatory funnels contain¬ 
ing 0, 5, 10, 15, and 20 micrograms of zinc made up to 25 ml. with the 0.04 N HC1, 
add 5.0 ml. of the citrate buffer, and proceed with the final extraction of zinc as 
directed in the previous paragraph. Plot the transmittance on a logarithmic scale 
against concentration and draw a smooth curve through the points. (The intercept 
of this curve may vary slightly from day to day, depending on the actual concentra¬ 
tion of dithizone employed in the final extraction, but the slope should remain es¬ 
sentially the same.) 

DISCUSSION 

Zinc Contamination .—It is impossible to overemphasize the importance 
of proper cleaning of glassware and the precautions that must be observed 
in guarding against contamination. All glassware should be cleaned by 
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immersion in boiling nitric acid followed by thorough rinsing. Analysis of 
samples of Pyrex glassware revealed the presence of approximately 10 
p.p.m. of Zn. Whether the samples analyzed were typical of all Pyrex 
glass is of course unknown. 

It has been demonstrated in this laboratory that it is possible to carry 
blank determinations through the three steps involved in the isolation and 
determination of zinc with very little contamination. A set of 24 blanks 
carried through these three separations gave an average of 0.23 micro¬ 
gram of zinc. All values fell within a range of 0.14 to 0.42, with an average 
deviation from the mean of ±.06 microgram. Estimation of these traces 
of zinc was carried out in the following manner: A portion of the 10 ml. of 
the final carbon tetrachloride extract containing the zinc was drawn off 
and the transmission was measured at 530 and at 620 m/z. The funnel was 
again shaken after addition of 0.25 ml. of 40 per cent W/V potassium cy¬ 
anide solution. The remainder of the solvent layer was pipetted off and 
read at 530 and at 620 m p as before. Comparison of the transmission 
values at 620 mp before and after the potassium cyanide separation 
showed that the addition of potassium cyanide was without effect on the 
amount of dithizone extracted. Any increase in the transmission at 530 
mp could then be attributed to removal of zinc or to some other dithi- 
zone-forming metal. This procedure may not be entirely specific for zinc, 
nevertheless it does give valuable information in revealing the upper limit 
to the amount of zinc which may be present. This procedure was also 
found to be very useful in determining the efficiency and completeness of 
the two dithizone extractions for isolating and determining the zinc. 

Another source of contamination that has been encountered is asso¬ 
ciated with the use of rubber bands or rubber “tie ons” to secure the stop¬ 
per to the funnel. Such contamination may be very serious and for this 
reason the authors have dispensed with the use of these ties entirely and 
prefer to remove the stoppers, placing them in order on a glass plate. 

Interferences .—This procedure satisfactorily eliminates all interfering 
elements in concentrations at which they could reasonably be expected 
to occur in food products. The quantities of dimethylglyoxime and of 
a-nitroso-b-naphthol have been shown to completely remove 100 micro¬ 
grams each of nickel and cobalt in the aliquot taken for analysis with no 
loss of zinc. The sulfide separation has been shown to completely remove 
lead and all other dithizone-forming elements in the acid sulfide group so 
that it is almost certain that there is no compensation of errors leading to 
misplaced confidence in the results reported. 

The amount of zinc remaining in the aqueous phase following each of 
the two dithizone separations was determined by the potassium cyanide 
separation previously described. It has been shown that these separations 
at the pH level which obtains (namely 8.0n8.2 in the preliminary isolation, 
and 8.8-9.0 in the final extraction) and at the specified concentration of 
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dithizone are at least 98 per cent complete. It is considered that drawing 
off the aqueous phase following the preliminary separation of zinc is less 
likely to result in loss of zinc than is to be expected in the usual procedure 
of transferring the solvent phase through the bore of the stopcock. In 
addition there is an added advantage in decreasing the number of neces- 


Table 1 . —Recovery of zinc from sulfuric acid solutions 


2INC ADDED 
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10 
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—2 mg. 


10.0 
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20 
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98 

40 




40.0 

100 

5 

Cu- 
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Cd, 

Hg, 4.8 

96 

10 
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98 
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96.5 

40 
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Table 2.— Recovery of zinc added to fruit cocktail 


»Tvr A nnfn^ 


VTWn VATTVB 


THEORETICAL EINC 

PER CENT OF 

ZINt AUUJBU 
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PRESENT 

THEORETICAL 

p.p.m. 


p.p.m. 


p.p.m. 


0 
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2.18 

— 

0 


2.15 


2.18 

— 

0 


2.20 


2.18 

— 

0 


2.15 


2.18 

— 

1.0 


3.34 


3.18 
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2.0 


4.05 


4.18 

97 

3.0 


5.15 


5.18 

99 

4.0 


6.38 


6.18 

103 

6.0 


8.34 


8.18 

102 

7.28 


9.73 


9.46 
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10.0 


12.4 


12.2 

102 

10.2 


12.4 


12.4 

100 

20.0 


22.3 


22.2 

101 


* Other metals added m eaoh case (p.p.m.): Cu, 200; Ag, Bi, Cd, Co, Hg, Ni, Pb, Sb, and Sn, 20 each. 


sary transfers with the accompanying chance of loss and/or contamina¬ 
tion, and in effecting a decrease in the number of funnels required for a 
series of determinations. 

Recovery Determinations .—Recovery determinations of two types have 
been made; first the determination of zinc added to a sulfuric acid solution 
containing copper and 0.2 milligram of each of the interfering elements 
listed; and second the determination of zinc added to a food product, in 
this case fruit cocktail, to which was added copper and 0.2 milligram of 
each of the interfering elements. Table 1 shows the recovery of zinc added 
to sulfuric acid solutions containing copper and other metals. The values 
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shown were corrected for the zinc present in the reagent blank, which 
amounted to 1.2 micrograms. 

Table 2 shows the recovery of zinc which was added to 10 grams of 
purged fruit cocktail, and to which had also been added copper to the 
extent of 200 p.p.m. and silver, bismuth, cadmium, cobalt, mercury, nickel, 
lead, antimony, and tin, each to the extent of 20 p.p.m. These recovery 
values are in the main quite satisfactory and indicate that zinc can be suc¬ 
cessfully determined by the method which has been presented, even in 
the presence of these relatively high concentrations of interfering elements. 
The authors plan to subject this method to collaborative study during 
the coming year. 

Acknowledgment is made of the helpful suggestions given by H. J. 
Wichmann, Referee on Metals in Foods, and for the assistance of N. J. 
Linde and E. D. Sallee, who shared in the investigational work. 


METHOD FOR IDENTIFICATION OF COW MANURE 
IN DAIRY PRODUCTS 

By Reo E. Duggan (Food and Drug Administration, Federal 
Security Agency, New Orleans, La.) 

The main filth elements which have been found in milk are manure, 
flies, ants and other insects, feed particles, and nondescript dirt. Under 
the microscope the various insects and their parts are easily recognizable, 
but manure particles of plant origin cannot be easily differentiated from 
feed fragments, which usually are fragments of hay, grasses, or grains. 
Therefore, this study was undertaken to determine if differences exist be¬ 
tween digested and undigested plant materials. A positive method for 
differentiating the digested and undigested fragments is desirable because 
fecal material in food products is infinitely more repulsive to the consumer 
than are particles of stock feed. 

Two samples of cow manure were first studied, one air-dried and the 
other in its original moist state. It was observed that these manures con¬ 
sisted of plant particles (which had survived digestion) bound together 
with a dark brown gummy mass. By mixing these samples with milk it 
was determined that the visible filth filtered out of milk on sediment pads 
or filter cloths represented approximately 12 per cent of the original wet 
manure incorporated in the milk; the rest of the manure remained in 
solution. 

Since the microscopic size and the paucity of the foreign particles found 
in most foods preclude the determination of the chemical constituents— 
e.g . starch, crude fiber, and nitrogen—the use of a dye which would show 
the presence or absence of cell nutrients in the plant particles was inves- 
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tigated. A number of stains have been recommended for use in plant 
histology and cytology. 1 2 After testing a number of stains, Fast Green 
FCF (FD&C Green No. 3) was selected as showing the most promise for 
differentiating between cow manure particles and feed fragments. Plant 
material from which the cell nutrients had not been removed by digestion 
took the stain well, while manure particles were left unchanged from their 
original brown color. 

The following method for differentiation calls for considerable experi¬ 
ence on the part of the operator gained through the examination of au¬ 
thentic manures and feeds. Manure fragments longer than 2 mm., al¬ 
though recognizable by other characteristics, stain to a degree which 
might confuse any but the most skilled operators. A systematic investiga¬ 
tion was made to determine the optimum conditions for each operation in 
the procedure. 

PROCEDURE 

Filter 500 ml. of fluid milk through a conventional sediment pad. For the isola¬ 
tion of insoluble filth elements from other dairy products, such as cheese, evaporated 
and condensed milks, etc., select a method* using sodium oxalate, sodium citrate, or 
diluted nitric or phosphoric acid. Using tweezers, and exercising care to prevent 
the inclusion of hairs, insects, nondescript dirt, etc., transfer approximately 100 
vegetable fragments (max. length 2 mm.), selected at random, to a small (30 ml.) 
casserole* containing 3-4 ml. of water. Transfer fragment sample to a Gooch crucible 
fitted with a circle of hard-surfaced filter paper (Sharkskin), using a stream of hot 
water. Wash thoroughly with a stream of hot (approximately 90°C.) water, then 
with hot 95% alcohol, and finally rewash with hot water. With tweezers transfer the 
fragments back to the casserole, containing a drop of water. Add, dropwise, 10 
drops of 1 % aqueous Fast Green FCF. Push any floating fragments beneath the 
surface of the staining solution to insure wetting. Stain 15 minutes (within § minute), 
and promptly wash the particles free of the staining solution by filtering onto a 
Gooch crucible, using a fine stream of cool water. Transfer the particles back to the 
casserole, using a very fine stream of water to wash particles from filter paper. Re¬ 
strict water to 3-5 ml. Bring to boil (do not permit particles to adhere to sides of 
casserole as charring may result) and allow to boil 15 seconds (not longer). Filter 
immediately through a Gooch crucible, using a stream of water to rinse all frag¬ 
ments into the crucible. Using tweezers, transfer the fragments to casserole, contain¬ 
ing a drop of water. Repeat staining and boiling procedure and filter immediately 
in a Biichner funnel through a 7 cm. filter paper (cross-sectioned in 6 mm. squares). 
Allow paper to dry and place in a Petri dish containing a few ml. of mineral oil. 
Segregate the manure fragments from all others, using low-power microscope (ap¬ 
proximately 10 X). Count, and report number and percentage of manure particles 
on the following basis of identification: Manure fragments of plant origin after 
staining have a characteristic dirty “worn” appearance and a brownish translucent 
color. They may or may not be slightly tinged with green. The presence of irregular, 
patternless, amorphous specks on the surface of the plant fragments is additional 
positive evidence of a manure origin. The majority of plant fragments from manure 


1 Conn, H. J., “Biological Stains/’ Biotech Publications, Geneva, N. Y. (1940). 

2 Mioroanalytical Methods, Food A Drug Adm. This compilation is not in general distribution but the 
procedures are available at any laboratory of the Food A Drug Adm. Many State food laboratories and the 
dairy industry have similar procedures available. 

* G. E. Keppel, U. S. Food A Drug Administration, Minneapolis, suggested the substitution of a fritted- 
glass filter in place of the Gooch crucible and casserole in all operations exoept boiling. 
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have these surface specks, but their absence does not preclude the particles being 
manure. Undigested plant fragments have a typical vivid green color, and/or other 
outstanding characteristics, e.g., the surfaces are relatively smooth and clean, and 
the edges are usually sharp and not frayed or worn. 

STAINING OF AUTHENTIC FEEDS AND MANURES 

Since a small number of fragments from authentic feeds did not take 
the stain and a few manure fragments were stained, a large number of 
samples were examined to determine the applicability of the method to 
feeds and manures from various sections of the country. 

Eighty-four samples of feedstuffs, representing all types of feed availa¬ 
ble from farm and commercial sources and 14 samples of cow manure 
were examined. In order to conduct the experiment as objectively as pos¬ 
sible, the fragments were judged only as “stained” or “unstained.” Un¬ 
stained material in authentic feeds was found to average 3 per cent and to 
vary from 0 to 15 per cent. The unstained fragments, in general, were 
from stalks of corn, sorghum, and similar material, and because of their 
very different appearance, as described in the procedure, could not be 
confused with manure fragments. The stained material in manure sam¬ 
ples was found to average 17 per cent and to vary from 5 to 30 per cent. 
However, for reasons already given, it is unlikely that stained manure 
fragments could be confused with undigested fragments. 

COLLABORATIVE STUDY 

The method was submitted to collaborative study for the purpose of 
obtaining information on the reliability of the method in the hands of 
other chemists, and of detecting possible flaws in the instructions not 
readily apparent to one fully familiar with the technic. 

Two groups of collaborators tried the method. Those whose results are 
given in Table 1 had studied the method with the writer. With the excep- 

Table 1 . —Collaborative results of analysts that had studied method 
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tion of Analysts 1 and 2, Table 2 reports results by chemists who had had 
no previous training in the application of the method. They obtained these 
results only after thorough study of authentics. 


Table 2. — M,anure found by untrained analysts 


COLLABORATOR 

SAMPLES 1 

BAMPLB 2 

BAMPLB 8 


0 

Manure Added (per cent) 
100 

51 

1 

0.5 

Manure Found (per cent) 
97.0 

43 

2 

0 

98 

49 

3 

1 

97 

49.5 

4 

0 

97 

50 

5 

1.5 

98.3 

49.8 

6 

2 

100 

53 

7 

2 

95 

54 

Average 

1.0 

97.5 

49.8 


Thirty determinations, representing 6 samples whose composition was 
unknown to collaborators, are reported in Table 1. As Analyst X had had 
only limited background training in examining authentic manures, his 
results were not used in the conclusions drawn from Table 1. Examination 
of his segregated manure particles showed a lack of consistency in classify¬ 
ing the fragments and obviously his results were in error, since the other 
collaborators were in close agreement. His results are given to illustrate 
the need of experience in the identification technic. 

Three of the collaborators noted that each individual fragment should 
be touched with a teasing-needle for the most accurate count. The use 
of a hand tally or counting machine gave erratic counts. 

Sample F contained no manure, and the staining value for the four 
analysts was consistent within 1 per cent. The distribution of the remain¬ 
ing 20 determinations on manure bearing samples was as follows: 

Number of values greater than percentages of added manure 3 

Number of values equal to percentage of added manure 1 

Number of values lower than percentage of added manure 16 

Two of the three high determinations were reported by one collabora¬ 
tor on Sample C, containing 40 per cent manure, and Sample E, contain¬ 
ing 50 per cent manure, and the percentages reported were 41 and 56 per 
cent, respectively. The other high result was obtained on Sample E, with 
51 per cent manure fragments reported. It will be noted that the results 
are in excellent agreement, with an average error of ±4 per cent. 

The second series of collaborative sediment pads (Table 2) was pre¬ 
pared and submitted to 5 laboratories located in as many different cities. 
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These pads were prepared by placing the feed, manure, or mixture of feed 
and manure in milk and allowing to stand overnight. The samples were 
withdrawn with a Langsenkamp Sediment Tester and preserved with a 
few drops of saturated alcoholic mercuric chloride. Sub. 1 was prepared 
from pure alfalfa silage; Sub. 2 was prepared from straight manure; and 
Sub. 3 was made from a mixture of 49 per cent alfalfa silage and 51 per 
cent manure, by count. The results are excellent. 

EFFECT OF COMMERCIAL FOOD MANUFACTURING 
PROCESSES ON FEEDS AND MANURES 

The effect of the various enzymatic and bacterial actions involved in 
the manufacture of cheese was determined by the addition of alfalfa hay 
to milk, which was then made into cheese by the usual cheddar process. 
The cheese was aged for 10 weeks. Three common methods 2 using chemical 
agents (sodium citrate, sodium oxalate, and phosphoric acid) were used 
for the isolation of the hay from the cheese. Evaporated and condensed 
milks were prepared in the laboratory from contaminated fresh milk. The 
above treatments had no effect upon the differential staining of feeds and 
manures. 

DISCUSSION 

By use of data obtained in the examination of authentic feeds and 
manures it is possible to compare the results obtained by arbitrarily 
counting only stained and unstained fragments with those obtained by 
experienced operators using every means of differentiation at their com¬ 
mand. It is possible to use the staining as a sole criterion, but it is far 
preferable, and more nearly accurate, to rely upon an experienced ana¬ 
lyst’s judgment. As has been previously pointed out, the unstained frag¬ 
ments found in authentic feed are of a type not easily confused with 
manure. 

SUMMARY AND CONCLUSIONS 

The technic of staining undigested vegetable fragments with Fast Green 
FCF has been adapted to the routine determination of digested plant 
particles (manure) in milk and related products. 

The procedure has been used in the examination of 84 feed samples and 
14 manure samples involving 441 determinations and 83,899 vegetable 
fragments. It has also been successfully used in the collaborative study 
of laboratory-prepared unknowns by 8 chemists. 

The following conclusions have been reached: 

(1) For best results it is necessary to acquire a thorough knowledge of 
the appearance of various authentic feeds and manures after being sub¬ 
jected to the staining procedure, and to apply all of this knowledge in seg¬ 
regating the manure fragments from undigested plant material. 

(2) The staining characteristics of plant material are not affected by 
cheese or evaporated milk manufacturing practices nor by the usual filth 
isolation procedures. 
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(3) The results obtained are capable of duplication and are reasonably 
accurate. 
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NOTES 


Determination of Butterfat in Cream and Ice Cream by Dry 
Extraction with Chloroform* 

Although the Babcock method has been satisfactory for rapid and reasonably 
accurate butterfat determinations in milk and cream, no simple and uniformly satis¬ 
factory method has been developed for the rapid determination of butterfat in ice 
cream. Analysis of ice cream is made more difficult by the inclusion of cacao prod¬ 
ucts, dextrose, agar, gelatin, egg powder, etc., which increase the tendency to char 
if the Babcock method is employed, or to emulsify if the Roese-Gottlieb method 1 is 
used. 

Other difficulties encountered in the Roese-Gottlieb method are: (1) the emul¬ 
sions that frequently form during extraction break up slowly; (2) if separation of the 
water phase from the organic solvents is not complete, non-fat solids filter through 
into the weighing dish; (3) butterfat residues from ether and petroleum benzin 
evaporation tend to creep up the sides of the weighing dish to its edge, which may 
result in loss of fat; and (4) a R6hrig tube or similar apparatus is required. 

The disadvantages of the Roese-Gottlieb method are avoided by dry extraction 
of butterfat with chloroform. Emulsions do not form, and consequently there is no 
loss of time or danger of contamination of the extracted fat with non-fat solids; there 
is no tendency of the fat to creep up the sides of the weighing dish; special laboratory 
apparatus is not required for the dry-extraction, chloroform method; and mechanical 
loss of fat is minimized as the entire extraction is carried out in one small flask. 

METHOD 

Warm sample of cream or ice cream to be extracted to room temperature and mix 
thoroughly. Withdraw a 4 gram portion and place in a 50 ml. glass-stoppered Pyrex 
Erlenmeyer flask. (Solvent-resistant, synthetic rubber stopper may be used with 
flask not fitted with a glass stopper.) Add 40 ml. of CHCla, U.S.P., stopper tightly, 
and shake vigorously for 2 minutes. Add 10 grams of C.P. anhydrous Na2C0 3 , and 
immediately shake vigorously for 2 minutes or until adhering film of cream is free 
of sides of flask. Filter the CHCl 8 -fat extract through a medium retentive 9 cm. filter 
paper into a weighed 120 ml. thin Pyrex evaporating dish (filter paper should not 

Butter-fat determinations of ice cream and cream by chloroform-dry extraction and 

Roese-Gottlieb methods 


NO. BANPLS CHLOROrORli-DRT EXTRACTION ROEBE-OOTTLIRB 

per cent per cent 


1 

Ice Cream 

10.34 

10.37 

10.33 

10.05 

2 


10.22 

10.38 

10.25 

10.35 

3 


9.91 

9.83 

9.87 

9.82 

4 


9.19 

9.23 

9.12 

9.11 

5 


10.10 

10.16 

10.31 

10.28 

6 


9.34 

9.21 

9.49 

9.59 

7 


9.61 

9.41 

9.41 

9.43 

8 


10.68 

10.81 

10.66 

10.68 

9 


10.08 

10.04 

9.86 

9.84 

10 


10.87 

10.68 

10.78 

10.85 

A 

Cream 

22.27 

22.07 

21.90 

22.11 

B 


20.89 

20.95 

21.15 

20.90 

C 


19.06 

19.02 

19.04 

19.27 

D 


19.94 

19.82 

20.05 

19.86 


* By George R. Kingsley, Captain, Sn. C., A.U.S., Laboratories, MoCloskey General Hospital, Temple, 

Texas. 

i Method$ of Analyeu, A.O.A.C ., 1040, 272. 
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project above the top of the glass funnel). Again extract the residue in the flask for 
1 minute with a 20 ml. portion of CHCls. Repeat the extraction three more times 
with 20 ml. portions of CHCl t and wash down the sides of the filter. Evaporate the 
CHOI* slowly on a warm surface and then dry the fat to constant weight (1-1§ 
hours) in an oven at the temperature of boiling water or on a water bath. Use a 
blank determination on reagents as a control. 

Good agreement was obtained with the Roese-Gottlieb and chloroform-dry 
extraction methods } as Bhown in the table. 

Simple Automatic Device for Controlling Rate of Distillation 41 

Whenever it is important or convenient to have rather close, automatic control 
of rate of distillation it has been found that the following device is useful and easily 
constructed from materials readily available in the chemical laboratory, and that it 
controls the rate of steam distillation within 1 or 2 ml. per hour. 

Referring to the diagram the apparatus is described as follows: 

Flask (E) and empty graduate (B) are balanced on the platform balance (D), 
which is equipped with a heavy-gage iron wire (I). This iron wire is connected to 
a flexible insulated copper wire at the center of the balance and is adjusted to make 
contact with a pool of mercury in beaker (C). The mercury is covered by distilled 
water, or amyl acetate, or other non-conducting liquid to condense mercury vapor 
formed at the contact point. A coil of the same iron wire is inserted under the 
mercury to transmit the current through resistance (F). A resistance consisting of a 
750 watt and a 500 watt heating element in series works satisfactorily. The above 
circuit is connected across (parallel to) the variable resistance used for rough control 
of the heating element in the boiling flask. 

The device is operated as follows: 

Apply full heat to the boiling flask. As soon as distillation starts cut back resist¬ 
ance (G) to a point just under that required for proper distillation rate. Immediately 
start water running from constant flow device (A) through a drawn-out capillary 
tube into graduate (B). Previously have the constant flow device adjusted on a 
weight basis to desired rate by raising or lowering the constant level overflow tube in 
order to compensate for any marked difference in specific gravity of the distillate 
and the tap water. 

If distillation rate is too fast, flask (E) becomes too heavy and breaks contact in 
(C); if too slow, contact in (E) is made and additional current is supplied to the 
heating coil at the boiling flask. From then on distillation rate will be maintained 
exactly as the rate from (A). 



* By W. H. King (State Department of Health, New Orleans, La.) 






SPECIAL PLEA 

In the May issue of This Journal we ran a conspicuous appeal for back numbers. 
The response has been gratifying, but the ravages of war have been such that we are 
constrained to break a long-standing precedent by inserting this brief editorial 
appeal to go the second mile. That “the burning of the books” has fallen even more 
heavily on our foreign subscribers than in the first World War is eloquently voiced 
by a recent request from brave, war-torn China for twenty complete sets of The 
Journal . If we are to fill this and other anticipated orders it will no doubt have to be 
at the cost of some little sacrifice on the part of our American readers. The numbers 
needed are listed on the insert in the front of this issue of The Journal. We are now 
imploring you to send us not only all of these back numbers not actually and ac¬ 
tively “working,” but also those you can spare at the cost of perhaps a few trips a 
year to the nearest library, or maybe only down the hall a few doors. No cause could 
be better, and nothing could pay better dividends in the form of Association good 
will abroad.— The Editor. 


REPORT ON MONOCHLORACETIC ACID 

By John B. Wilson (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Associate Referee 

A method for the determination of monochloracetic acid in beverages 
was presented by the Referee on Flavors and Non-Alcoholic Beverages at 
the 1941 meeting of the Association (This Journal , 25, 145). In that report 
a number of determinations of this preservative in orange beverages and 
in several canned and frozen fruit juices were reported in which the mono¬ 
chloracetic acid was added to the sample just prior to making the deter¬ 
mination. 

The following spring an experimental pack of carbonated beverages 
was prepared for the purpose of ascertaining the effect of storage upon 
their monochloracetic acid content. A paper detailing this experimental 
work has been prepared by the Referee on Flavors and Non-Alcoholic 
Beverages (This Journal , 27, 195). 

In the fall of 1942 experimental packs of apple juice and orange juice 
containing four levels of monochloracetic acid were prepared under the 
writer's supervision. Analyses of these samples have also been reported in 
the same paper. 

At the same time an extensive experiment was carried out upon the use 
of monochloracetic acid in the manufacture of wine. In this experiment 
monochloracetic acid was added to wine at four levels, and the wine was 
subjected to analysis after various periods of storage. In the course of the 
latter investigation it was found necessary to modify the procedure some¬ 
what in order that it might give equally good results with wine. The meth¬ 
od is the subject of a note published in This Journal , 26,477. 

The data obtained so far confirm the conclusion drawn in the original 
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paper, and they indicate that when monochloracetic acid is added to car¬ 
bonated beverages, fruit juices, or wines, some of the acid may be de¬ 
stroyed but that the unchanged acid persists for a considerable period. 

During the past year some attention has been given to the qualitative 
detection of monochloracetic acid in food products. Mallory and Love of 
the Alcohol Tax Unit 1 have substantially improved the classic procedure 
advocated by Chemoff 2 of the U. S. Food and Drug Administration, in 
which monochloracetic acid is condensed with anthranilic acid and con¬ 
verted by alkali fusion into indigo. The original procedure caused con¬ 
siderable confusion since it gave good results with pure solutions, but inter¬ 
ference was caused by the presence of other ether-soluble substances in 
food. Mallory and Love have greatly improved the purification of the 
ether extractives, but in some cases there is still a sufficient quantity of 
extraneous matter present to make it impossible to follow the color changes 
in the fusion which indicate its progress and the point at which the melt 
should be removed from the source of heat. Several analysts, including the 
writer, have confirmed their contention that it is necessary to dry the 
mixture thoroughly before making the alkali fusion in order to obtain 
concordant results. 

In collaboration with G. L. Keenan, the Associate Referee investi¬ 
gated the use of barium monochloracetate to identify this substance 
microscopically. While it has been possible to identify monochloracetic 
acid as barium salt in a large number of cases, here also extraneous matter 
interferes with proper crystallization of the salt, and negative results do 
not necessarily mean that monochloracetic acid is absent. 

The procedure used for preparation of the barium monochloracetate is 
given in a paper on the identification of monochloracetic acid as barium 
monochloracetate by John B. Wilson and George L. Keenan appearing in 
this issue. 

It is recommended that collaborative study of the methods discussed in 
this report for the determination of monochloracetic acid be continued. 

REPORT ON VEGETABLE DRUGS AND 
THEIR DERIVATIVES 

By F. H. Wiley (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Referee 

Due to the pressure of wartime activities, the associate referees and the 
Referee have had little opportunity to concentrate on A.O.A.C. projects. 
At least one of the associate referees has joined the armed forces, and a 
number of the others have been spending full time examining drugs des¬ 
tined for the Army. 

1 Ind. Eng. Chem .. Anal. Ed., 15, 207 (1943). 

* Personal communication. 
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Of the thirteen projects assigned, it is recommended that two be dis¬ 
continued, one be discontinued or reassigned, and the remainder contin¬ 
ued. One associate referee has a report for this meeting. Interim reports 
have been received on six of the projects since the last meeting, but none 
of them is complete as yet. Six of the associates have made no report. A 
detailed report on each project is submitted. 

Cinnamyl Ephedrine (J. Claggett Jones).—The Referee was notified in 
December 1942 by Mr. Jones that he was going into the Army and would 
be unable to do any further work on this project. He also gave a review of 
the work completed thus far. Owing to the difficulties experienced in ob¬ 
taining satisfactory samples for collaborative study and since the product 
is relatively unimportant, the Referee recommends that the subject be 
dropped. 

Chemical Methods for Ergot (Donald C. Grove).—Dr. Grove reports the 
development of a method for the separation and estimation of ergome- 
trine. The results by this method have been compared with those ob¬ 
tained by bioassay with very good agreement. The associate referee recom¬ 
mends that the chemical method be subjected to collaborative study. The 
Referee concurs. 

Theophylline Sodium Salicylate (M. Harris).—No report was received. 
The Referee recommends that this subject be dropped entirely or re¬ 
assigned. 

Prostigmine (F. J. McNall).—Owing to a misunderstanding, the asso¬ 
ciate referee worked on Method I outlined in his previous report and sub¬ 
mitted a report on this work several months ago. It was recommended at 
that time that the work be continued and extended to methods that ap¬ 
peared to be more specific. 

Physostigmine in Ointments (G. M. Johnson).—The associate referee 
reports that the work has been completed to the point where a collabora¬ 
tive study can be made. The Referee recommends that the subject be 
continued. 

Quinine Ethyl Carbonate (H. G. Underwood).—No report was received. 
The Referee recommends that the subject be continued. 

Theobromine and Phenobarbital (E. C. Deal).—No report was received. 
The Referee recommends that the subject be continued. 

Plasmochin (F. C. Sinton).—No report was received, although the asso¬ 
ciate referee submitted the material to collaborators some months ago. 
The Referee recommends that the subject be continued. 

Glucosides and Saponins (Llewellyn H. Welsh).—In a letter to Dr. 
Skinner, the associate referee indicated that most of the methods in the 
literature were of the bioassay type and he did not feel qualified to pursue 
this study. The Referee recommends that the subject be dropped. 

Strychnine in Pills (H. C. Lythgoe).—No report was received. The 
Referee recommends that the subject be continued. 
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Phenothiazine (V. W. Stewart).—No report was received. The Referee 
recommends t^at the subject be continued. 

Quinine and Strychnine (R. L. Herd).—No report was received. The 
Referee recommends that the subject be continued. 

Polarigraph Methods (S. Reznek).—No report was received. The Re¬ 
feree recommends that the subject be continued. 


REPORT ON THE ASSAY OF ERGOT 

By D. C. Grove (Food and Drug Administration, 

Federal Security Agency, Washington, D. C.), 

Associate Referee 

The chemical assay of ergot is primarily a problem of the separation 
of the two water-soluble alkaloids—ergometrine and ergometrinine. These 
two alkaloids are isomers showing very similar chemical properties, but 
differing in that ergometrine is physiologically active, while ergometrinine 
is inert. The problem was complicated by the fact that ergometrine and 
ergometrinine differ in their solubilities in quantity but not in quality. 

A process has been devised whereby ergometrine can be separated from 
ergometrinine by a series of extractions of the ether solution of the alka¬ 
loids with water. The quantitative separation of these alkaloids varies with 
the number of separatory funnels used, the number of washings passed 
through the series of separatory funnels, and the relative volumes of the 
solvents used. The calculation of the proper conditions for the separation 
of any two ingredients of a solution based on their distribution coefficients 
between the solvents is a very laborious procedure. A graphic method for 
determining these conditions was developed by Knudsen and Grove. 1 

The results obtained by the chemical assay have been compared with 
the results obtained by an improved bioassay technic. This comparison 
indicates that the chemical separation of these two alkaloids is practically 
complete and that the results obtained by the chemical procedure are in 
good agreement with those of the bioassay. The details of the chemical 
assay and the comparison of the results by the chemical and bioassay pro¬ 
cedures will be published in the near future. A collaborative study of the 
chemical procedure has been delayed owing to the pressure of war activi¬ 
ties. The Associate Referee recommends that the subject be continued 
and that a collaborative study be made when this work can be satisfactor¬ 
ily arranged. 


i Ind. Eng. Ghent., Anal. Ed., 14, 556 (1942). 
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REPORT ON PHENOTHIAZINE 

By Vincent E. Stewart (Food and Drug Laboratory, 

Florida Department of Agriculture, Tallahassee, 

Florida), Associate Referee 

Phenothiazine is rapidly gaining favor as an anthelmintic for veterinary 
medicine. It is sold in powder form, to be mixed with the feed; in tablets, 
with various excipients; in tablets, with one or more other drugs; and in 
suspensions. This report considers only the commercial powder and the 
tablets not containing other drugs. Methods for the determination of the 
drug in the other commercial forms will be discussed in a subsequent re¬ 
port. 

A method for the determination of phenothiazine in the commercial 
powder is included in “The National Formulary.” 1 This is a colorimetric 
determination based upon the conversion of phenothiazine to a highly 
colored red compound, believed to be 3, 9-dihydroxyphenazothionium 
bromide, 2 * by means of bromine water. Cupples 8 utilized a modification of 
this method for the determination of small amounts of phenothiazine as 
found in the spray residues of insecticides. 

Overholser and Yoe 4 * found that palladous chloride will react with phe¬ 
nothiazine to form a dark blue color or precipitate which can be used in the 
colorimetric determination of phenothiazine in spray residues. They re¬ 
ported that the solutions are not sufficiently stable to be used extensively 
in transmittancy measurements although a limited application is possible. 

Harris and Kerl 6 used an acetone extraction for the determination of 
phenothiazine in preparations containing no other acetone-soluble sub¬ 
stances and reported satisfactory results. The method is applicable to bo¬ 
luses, tablets, granulations, and suspensions in which phenothiazine is the 
only acetone-soluble ingredient. 

EXPERIMENTAL 

This investigation was confined to the acetone (anhydrous) extraction 
method of Harris and Kerl and the colorimetric method specifying bro¬ 
mine water as the reagent, since these are the only methods reported in 
the literature that appear to be practicable. The procedure of Harris and 
Kerl was followed except that a Soxhlet extractor was used instead of an 
A. S. T. M. extractor. The rapid Goldfisch extractor 8 was also found to be 
equally suitable. The authors of this method state that the extraction 
should be continued for about 8 hours. However, extractions of highly 
purified phenothiazine by means of a Soxhlet extractor siphoning at the 


i Yjj 322—8 (1942) 

* Eddy, C. W., and DeEds, Floyd, Food Research, 2, 305-9 (1937). 

* Cupples, H. L, Ind. Eng. Chem., Anal. Ed 14, 53 (1942). _ __ 

4 Overholser, L. Q. and Yoe, J. H., Ind. Eng. Chem., Anal. Ed., 14, 645-7 (1942). 

• Harris, L. E. and Kerl, E. B., J. Am. Pharm. Assoc ., 31, 47-9 (1942). 

• Walker, L. S., This Journal , 17, 189 (1934). 



Table 1 . —Phenothiazine found (%) in 6 samples 
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rate of about eleven times per hour gave 100 percent recovery by the end of 
the first hour. This indicates that the prolonged extraction time is un¬ 
necessary. 

The Associate Referee prepared solutions for the colorimetric deter¬ 
minations according to the procedure of the National Formulary, but 
observed the warning of Cupples 8 that the saturated bromine water must 
be added rapidly in order to form the normal red color rather than an off- 
colored solution with a purple hue giving abnormal results. These solutions 
were examined in a visual (Duboscq) colorimeter and in a Fisher electro¬ 
photometer, a 10 mm. cell without filters being used. The solutions were 
found to be quite stable, and even after standing for several weeks in the 
dark there was little change in the electrophotometer reading. The slight 
increase in reading (increased absorption) observed may possibly be ac¬ 
counted for by evaporation loss of solvent, although the solutions were held 
in glass-stoppered bottles. 

Samples examined were commercial phenothiazine powder, two 
brands of phenothiazine tablets purchased through retail channels, and 
mixtures (approximately 1+3) of commercial phenothiazine with the 
common excipients, lactose, talc, and starch. In the preparation of the 
mixtures with these excipients some difficulty was experienced in obtaining 
a homogeneous powder. The method of mixing involved a considerable 
loss of material so that the final product was not necessarily a 1+3 mix¬ 
ture. 

Control solutions for the colorimetric determinations were prepared 
from highly purified phenothiazine. This was obtained by recrystallizing 
commercial phenothiazine from toluene with the aid of activated char¬ 
coal, as recommended by “The National Formulary .” l The recrystalliza¬ 
tion process was repeated, and the product was dried in the oven at 100° 
and then in a vacuum desiccator. 

Results of the analyses are reported in Table 1. In all instances the 
acetone extraction method gave considerably higher results than did 
either of the colorimetric methods. Also, commercial phenothiazine pow¬ 
der of a dark green color which obviously contained an appreciable amount 
of impurities consistently assayed greater than 100 percent by the ex¬ 
traction method. This agrees with the data of Harris and Kerl, which 
show greater than 100 percent recovery. Acetone extraction of highly 
purified phenothiazine, however, consistently resulted in almost exactly 
100 percent recovery. Therefore, it would appear that the impurities in 
commercial phenothiazine gain weight in the course of the extraction proc¬ 
ess (e.g., by solvation, oxidation). The exact cause of this increase has 
not been determined. 

Analyses made with the electrophotometer generally gave higher re¬ 
sults than those made with the visual colorimeter although there are two 
exceptions in the six samples investigated. Also, the average of the 
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average deviations was greater for the visual colorimetric method than for 
either of the other two methods. 

CONCLUSIONS 

(1) The acetone extraction method is applicable only to products con¬ 
taining no acetone-soluble substances other than phenothiazine. Even 
with commercial phenothiazine known to contain only a limited amount of 
impurities this method yields greater than 100 percent recovery so that 
results are likely to be higher than the true value. 

(2) The electrophotometric method of measuring the color developed 
by phenothiazine with bromine water includes obvious inaccuracies. The 
amount of sample weighed (0.1 gram of phenothiazine) is so small that 
routine methods of weighing may introduce an error. The aliquot (5 ml.) 
of the resulting solution (200 ml.) is likewise so small that extreme care 
must be used in pipetting. 

(3) The visual colorimetric method, employing the same solutions as 
the electrophotometric method, is open to the same criticisms plus the 
added inaccuracies inherent in the visual method ( i.e ., varying degrees of 
ability of analysts to distinguish colors, visual fatigue, etc.). 

(4) Of the three methods investigated the determination of the color 
developed by phenothiazine with bromine water by means of the electro¬ 
photometer appears to be the most satisfactory. Results of analyses made 
by this method are more nearly in accord with the true values than are 
those of the other methods, the average deviation is not too excessive, 
and the analysis can be conducted as rapidly by the electrophotometric 
method as by either of the other methods. 

RECOMMENDATIONS 

It is recommended— 

(1) That the electrophotometric method, using bromine water as the 
reagent, be submitted to collaborators for further study. 

(2) That the applicability of the electrophotometric method to products 
containing other drugs in addition to phenothiazine be investigated, and 
if found satisfactory that it likewise be studied by collaborators. 


REPORT ON SYNTHETIC DRUGS 

By L. E. Warren (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Referee 

With no meeting of the Association in 1942 the work of the Subsection 
on Synthetic Drugs has been retarded considerably. For the years 1941- 
1943 fourteen topics have been considered in this sub-section. These are: 
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Acetanilid 

Atabrine 

Benzedrine (in inhalants) 
Bromobarbiturates and thiobarbiturates 
Cinchophen and neocinchophen 
Diethylstilbestrol 
Ethylaminobenzoate 


Hydroxyquinolme sulfate 
Methylene blue 
Metrazol 

Phenolphthalein and bile salts 
Sedormid 

Sulfanilamide derivatives 
Sodium diphenylhydantoin 


In the interval since the last meeting two topics, bromobarbiturates 
and thiobarbiturates and atabrine have been completed by the associate 
referees with the recommendation that the methods used be adopted as 
tentative and that the subjects be dropped. Recommendations are being 
made that three subjects, diethylstilbestrol, sodium diphenylhydantoin, 
and cinchophen and neocinchophen, be dropped because in the meantime 
these drugs have been admitted to the U.S.P. or the N.F., together with 
methods of assay. Because eight subjects have not been brought to a satis¬ 
factory conclusion each is being recommended for continuance. However, 
two of these (methylene blue and sedormid) have been sufficiently per¬ 
fected to be ready for collaborative study. 

Owing probably to war conditions the number of papers dealing with 
pharmaceutical research has been considerably reduced. Because so many 
chemists are now engaged in some phase of war production it is becoming 
more and more difficult to secure associate referees and collaborators. 
Presumably this difficulty will increase. 

No important new books relating to drug analysis have come to the at¬ 
tention of the Referee during the past two years. A new edition of Nich- 
offis “Aids to the Analysis of Foods & Drugs” was reviewed this year 
(This Journal , 26, 290). Since this work is intended primarily for English 
law-enforcing officers it is not of great importance to the members of this 
section. However, a book was published in 1942 which should be of inter¬ 
est to law-enforcement officials every where. It is entitled “Food and 
Drug Regulations.” The author is Steven Wilson, a Pittsburgh lawyer. 
This publication is primarily a history of Food and Drug Legislation in this 
country with explanations of how the laws work. The 23rd edition of the 
“Dispensatory of the United States” is just off the press. It follows the 
same line as the three previous editions. Since the last edition (1937) a new 
class of powerful therapeutic agents has come into use, i.e. the sulfa drugs. 
The chemistry and therapeutic properties of these are discussed. The his¬ 
torical sections are of interest to the drug analyst, but the assay methods 
are of but little value to him as they are copied from other sources without 
critical comment or review. 

“The First Supplement to the Pharmacopoeia of the United States” is 
about ready for publication. It corrects the method for quinacrine hydro¬ 
chloride tablets and introduces, among other things, stilbestrol and cap¬ 
sules of stilbestrol, succinyl sulfathiazole, sulfadiazine, sulfaguanidine, and 
tablets of totaquine. 
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Benzedrine .—Two years ago (This Journal , 25, 104) a benzoylation 
method for the determination of benzedrine was adopted tentatively by 
the Association. The topic was continued in order to study methods for 
the determination of benzedrine in inhalants and other pharmaceuticals. 
Since that time no formal report has been submitted. The Referee recom¬ 
mends that the topic be continued. 

Hydroxyqwinoline Sulfate. —This topic has been assigned for several 
years but no formal reports of progress have been submitted. The Referee 
is of the opinion that the subject should either be dropped or reassigned. 

Methylene Blue. —This topic has been under consideration for several 
years (This Journal , 23, 59; 24, 806; 25, 798; 26, 242). The subject was re¬ 
investigated because the iodine method (A.O.A.C.) was claimed to be 
inaccurate. By the method now described in U.S.P. XII the methylene 
blue is weighed as perchlorate. The associate referee reports that the per¬ 
chlorate method is satisfactory for certain mixtures (soft gelatine capsules 
containing methylene blue, and oils of copaiba, santal, and wintergreen), 
but that the results from coated tablets were unsatisfactory. He recom¬ 
mends that the topic be continued. The Referee concurs. 

Ethylaminobenzoate. —This product was assigned two years ago but the 
associate referee reports that no work has been done. The Referee recom¬ 
mends that the topic be reassigned. 

Metrazol. —The associate referee reports that no work was done. Since 
metrazol is an important medicament the Referee recommends that the 
topic be continued. 

Barbituric Add Derivatives, Particularly Bromobarbiturates and Thio- 
barbiturates. —Two methods were used, each of which gave good results. 
Both have been published. The associate referee could find no marked ad¬ 
vantage of one over the other. He recommended that Method I be adopted 
as tentative for alphenal, calcium ipral, ortal sodium, pentothal sodium, 
seconal sodium, sandoptal, thioethamyl sodium, nostal, and pernoston. He 
also recommended that Method II be adopted as tentative for alphenal, 
alurate, amytal, dial, evipal, ipral calcium, ipral sodium, neonal, nostal, 
ortal sodium, pentobarbital sodium, pentothal sodium, phanodorn, per¬ 
noston, seconal sodium, and thioethamyl sodium. The Referee concurs. 

Acetanilid. —The topic was reassigned several years ago because the 
descriptions of the A.O.A.C. methods were asserted to be hazy and re¬ 
dundant. No work has been done. The associate referee asks to be relieved 
because of occupation with war-production problems. The Referee rec¬ 
ommends that the topic be reassigned. 

Sulfanilamide Derivatives. —Several of the “sulfa” drugs have been 
studied by the Association (This Journal , 22, 81; 23, 745; 24, 803, 810; 
25, 56). The last of these drugs studied was sulfathiazole. 

Two years ago the associate referee reported that the nitrite assay 
method for sulfathiazole gave moderately good results under collaborative 



1944] warren: report on synthetic drugs 349 

trial (This Journal , 25, 791). He recommended that the topic be discon¬ 
tinued because the Pharmacopoeia was about to include the drug and 
describe the nitrite assay method. The Referee recommended that the 
topic be continued and that the method be applied to tablets and other 
preparations of sulfathiazole. The associate referee found that the brom- 
ination procedure could not be applied to tablets because of the presence 
of lactose, starch, stearic acid, etc., which react with bromine. 

The topic was reassigned but no report has been submitted. 

This year the associate referee reports that no work was done. Because 
of pressure of other work due to war production the associate referee asked 
to be relieved of this assignment. Some of the sulfa compounds that have 
been introduced since the Association last studied these topics are sulfa- 
guanidine, sulfadiazine, and succinyl sulfathiazole. The Referee recom¬ 
mends that the topic be continued and reassigned. 

Phenolphthalein in Presence of Bile Salts .—Preparations are marketed 
which contain relatively small quantities of phenolphthalein and large 
amounts of bile salts. This topic was assigned with the view to developing 
a method for the determination of phenolphthalein in such mixtures. The 
associate referee has worked out a method by which he obtained 98.5 per 
cent recovery, but he considers that it is not sufficiently perfected for col¬ 
laborative trial. It is recommended that the topic be continued. 

Atabrine (Quinacrine Hydrochloride ).—This product has attained 
prominence in the treatment of malaria. It has many of the properties of 
the vegetable alkaloids. The associate referee reported that after the topic 
had been assigned to him the U.S.P. XII admitted atabrine hydrochloride 
under the name of “quinacrine hydrochloride” and adopted an assay for 
the product and also for the tablets of the substance. The associate referee 
adapted the double shake-out method to the salt, using chloroform-ether 
(3+2) as solvent in an alkaline medium, and obtained good results. 

The associate referee and his collaborators then compared the shake-out 
method with the U.S.P. XII procedure. The results by the two methods 
are comparable on the salt but they were inferior to those obtained when 
the methods were applied to tablets. The associate referee recommends 
that the shake-out method be adopted as tentative as an alternative 
method. The Referee concurs. 

Sedormid .—This is a new topic although assigned in 1941. The associ¬ 
ate referee has worked out a method by which the substance is decom¬ 
posed in acid solution, HC1 (1 + 1), to form urea. By the action of urease 
the urea is converted into ammonia. The method gave good results on the 
pure chemical but unsatisfactory results on tablets. Later the acidity was 
increased, HCl(3+2), and the results were better. By extracting the 
tablets with chloroform the sedormid was obtained in a sufficiently pure 
state to apply the hydrolysis-urease method. Recoveries of 99.5 per cent 
were obtained. The method was completed to the stage of collaborative 
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trials. The associate referee recommended that the topic be continued. 
The Referee concurs. 

Diethylstilbestrol. —This synthetic has come into therapeutic use because 
of its estrogenic properties. It is marketed in the form of ampules, capsules, 
and suppositories. It was assigned two years ago, but no progress report 
has been submitted. It is recommended that the subject be dropped be¬ 
cause the drug and capsules of it have been admitted to the “Supplement 
of the Pharmacopoeia of the United States.” 

Cinchophen and Neodnchophen. —This topic was assigned two years ago. 
No report has been received from the associate referee. 

Assays for both cinchophen and cinchophen tablets are described in 
N.F. VII, and an assay for neocinchophen tablets is described in the 
U.S.P. XII. In view of these facts the Referee recommends that the topic 
be placed in abeyance. 

Sodium Diphenylhydantoin. —This compound was assigned two years 
ago. The associate referee reported that in the meantime the product, to¬ 
gether with an assay, has been admitted to “U. S. Pharmacopoeia XII,” 
p. 153. He recommended, therefore, that the subject be dropped. The 
Referee concurs. 

Terpin Hydrate in Elixirs and Terpin Hydrate and Codeine in Elixirs .— 
Three associate referees have worked on different phases of this topic 
(This Journal , 11, 358; 15, 415; and 23, 757). Comments by various drug 
analysts indicate that of the two methods for determining terpin hydrate 
in elixirs, Methods of Analysis , A.O.A.C. , 1940, 579, 63 and 65(a) and (b), 
65(a) is superior. The two later associate referees recommended that the 
tentative method for terpin hydrate in elixirs (Ibid., 63) be deleted. They 
further recommended that the tentative method for terpin hydrate and 
codeine ( Ibid., 65(a) and (b)) be advanced to “official, first action.” The 
Referee concurs. 

Methods for the substances named below have been recorded as “offi¬ 
cial, first action” for several years without notable criticisms. It is rec¬ 
ommended that their status be advanced from “official, first action”* to 
“official, final action.” 

Monobromated camphor, Method II, J. Ind. Eng. Chem., 14, 24 (1922); Methods 
of Analysis, A.O.A.C. , 1940, 576. 

Pilocarpine hydrochloride, This Journal, 12 , 54; Methods of Analysis, A.O.A.C ., 
1940, 589. 

Calomel in calomel ointment, This Journal, 23, 59; Methods of Analysis, 
A.O.A.C., 1940, 620. 

Hypophosphites in sirup, This Journal, 23, 59; Methods of Analysis, A.O.A.C., 
1940, 617. 

Salicylic acid in presence of other phenols, This Journal, 23, 59; Methods of 
Analysis, A.O.A.C., 1940, 572. 


* Methods for several of these products were advanced from the status of tentative to that of official in 
1940 (This Journal, 23,59). 
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Tetrachlorethylene in mixtures, This Journal , 17, 78; 23, 59; Methods of Analy¬ 
sis , A.O.A.C. , 1940, 604. 

Methods for the substances named below have been recorded as “tenta¬ 
tive” for three years or more without serious criticism. It is recommended 
that the status of each method be advanced from tentative to that of 
official, first action. 

Acetophenetidin and caffeine, U. S. Dept. Agr. Bur. Chem. Bull. 162, p. 193; 
Methods of Analysis^ A.O.A.C ., 1940, 565. 

Acetylsalicylic acid, acetophenetidin, and caffeine, This Journal , 22, 91; Meth¬ 
ods of Analysis , A.O.A.C ., 1940, 570. 

Bismuth compounds in tablets, This Journal , 15, 84; Methods of Analysis , 
A.O.A.C., 1940, 617. 

Calcium gluconate, This Journal , 17, 75; Methods of Analysis, A.O.A.C ., 1940, 
617. 

Effervescent potassium bromide with caffeine, This Journal, 21, 96; Methods of 
Analysis, A.O.A.C., 1940, 623. 

Iodine, This Journal, 15, 83; Methods of Analysis, A.O.A.C., 1940, 618. 

Mandelic acid, This Journal , 22, 98; Methods of Analysis, A.O.A.C., 1940, 610. 

Oil of chenopodium, This Journal, 13, 334; 14, 83; Methods of Analysis, 
A.O.A.C., 1940, 625. 

Phenolphthalein in chocolate preparations, This Journal, 8, 541; Methods of 
Analysis, A.O.A.C., 1940, 613. 

Sulfanilamide, This Journal, 22, 97; Methods of Analysis, A.O.A.C., 1940, 614. 

Theophylline, This Journal, 20, 82; Methods of Analysis, A.O.A.C., 1940, 593. 

Procaine .—Wells (This Journal , 25> 540) states that Method I, official 
for procaine (Methods of Analysis , A.O.A.C., 1940, 590, 97) is not reliable. 
According to Wells the method requires 2 hours to stand instead of 15 
minutes and an excess of bromine of 140 per cent instead of 127 per cent. 
In view of this serious charge it is recommended that an associate referee 
be appointed to restudy the subject. 

Carbromal .—Carbromal (adalin) was official in U.S.P. XI and is now 
described in N.F. VII. No method of assay is provided in either com¬ 
pendium. The ready solubility of carbromal in chloroform and ether and 
its relative insolubility in water indicate that in its quantitative analyti¬ 
cal properties it might resemble acetophenetidin. 

It is recommended that carbromal be studied and that an associate ref¬ 
eree be appointed. 

Phenolsulfonphthalein .—This drug was described in U.S.P. XI, and is 
now described in U.S.P. XII, but no assay is given in either publication. 
It contains about 9.05 per cent of sulfur. The Association has provided no 
assay for the drug. 

It is recommended that phenolsulfonphthalein be studied, and that an 
associate referee be appointed. 

Sodium Sulfobromophthalein .—This compound is described in Pharma- 
coepia XII, but no assay is provided. The product contains about 38.1 
per cent of bromine and 7.653 per cent of sulfur. 
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It is recommended that sodium sulfobromophth&lein be studied and 
than an associate referee be appointed. 

Propadrine Hydrochloride .—This is one of the newer synthetics that 
has ephedrine-like properties. It is also used in the treatment of obesity. 
It is marketed in capsules, elixirs, jellies, and solutions. The product is de¬ 
scribed in N.N.R. It is there assayed by determinations of nitrogen and 
chloride. It is recommended that propadrine hydrochloride be studied. 


REPORT ON BARBITURIC ACID DERIVATIVES 

By L. E. Warren (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee 

Three years ago an associate referee was appointed to ascertain whether 
the official method for barbital and phenobarbital is applicable to other 
barbituric acid derivatives used in medicine. Considerable collaborative 
work was done, and, as a result of the associate referee’s report, the official 
method with slight modifications was adopted as tentative for eight of the 
more commonly used barbiturates (This Journal , 25, 56). These are 
alurate, amytal, dial, evipal, ipral sodium, neonal, pentobarbital sodium, 
and phanodom. 

Two years ago the Association decided to continue the work and di¬ 
rected the Associate Referee to apply the modified method to certain 
other bariturates not included in the first study, particularly the bromo- 
barbiturates and thiobarbiturates, with the view to ascertaining whether 
the method already adopted is applicable. No collaborative work was to 
be conducted, except in doubtful cases. 

In the year that followed the following substances were studied by the 
associate referee: Alphenal (prophenal) powder and capsules, calcium ipral 
(powder and tablets), nostal powder, ortal sodium, pentothal sodium, 
pernoston, seconal sodium (capsules), sandoptal, and thioethamyl sodium. 
The adopted method was applied to market preparations of the barbitu¬ 
rates under consideration, to tablets and capsule contents, and to mixtures 
prepared to simulate tablets and capsule contents. 

The Associate Referee also investigated whether chloroform alone 
rather than a mixture of chloroform and ether could be used as solvent in 
the assay of the substances studied. The findings warrant the conclusion 
that chloroform may be used in the assay of alphenal, calcium ipral, ortal 
sodium, pentothal sodium, seconal sodium, sandoptal, and thioethamyl 
sodium. For nostal and pernoston, because of their relatively low solubil¬ 
ity in chloroform (800 and 325, respectively), a mixed solvent, although 
by no means necessary, might be employed with advantage. 

Two methods were used on all of the samples tested. Each gave good re¬ 
sults. The Associate Referee could find no marked advantage in one over 
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the other. He recommends, therefore, that Method I be adopted as tenta¬ 
tive for alphenal, calcium ipral, ortal sodium, pentothal sodium, seconal 
sodium, sandoptal, thioethamyl sodium, nostal, and pernoston. He also 
recommends that Method II be adopted as tentative for alphenal, alurate, 
amytal, dial, evipal, ipral calcium, ipral sodium, neonal, nostal, ortal 
sodium, pentobarbital sodium, pentothal sodium, phanodom, pernoston, 
seconal sodium, and thioethamyl sodium. 


REPORT ON PHENOLPHTHALEIN IN PRESENCE OF 

BILE SALTS 

By Rupert Hyatt (U. S. Food and Drug Administration, 
Cincinnati, Ohio), Associate Referee 

Phenolphthalein is present in various combinations in a number of pills 
and tablets. The tentative method for phenolphthalein in chocolate prep¬ 
arations (Methods of Analysis , A.O.A.C., 1940, 613) has been found satis¬ 
factory unless bile salts are present. In such instances the iodine precipi¬ 
tate is not normal in appearance, and varying results are obtained. 

At the request of Subcommittee B (This Journal , 26, 11) a study was 
undertaken to find a method suitable for the determination of phenol¬ 
phthalein in the presence of bile salts. 

An extraction method was tried in which the powdered material was 
suspended in water and extracted with chloroform-ether (3+1). The 
solvent was evaporated, and the residue was treated as directed in the 
method for phenolphthalein in chocolate preparations. The final iodo- 
phenolphthalein coagulated when warmed on the steam bath but did not 
form a gum as it did when contaminated with bile salts. 

On a few samples this procedure gave results that apparently were satis¬ 
factory. One sample was labeled to contain: 


grams 

Powdered Bile Salts. 1J 

Sodium Succinate. 11 

Sodium Salicylate. 1 

Phenolphthalein U.S.P. 1 

Pow'd Extract Cascara U.S.P. 1 


This method, however, has obvious limitations. If a mixture is alkaline 
enough to hold back phenolphthalein, salicylic acid would be liberated on 
acidifying it. 

The procedure was then modified to include a wash with sodium bicar¬ 
bonate solution.* Most of the succinic acid, if present, will remain in the 
aqueous solution in the first extraction. The remainder of the succinic 
acid and the salicylic acid, if present, together with a considerable part of 


Suggested by L. E. Warren (private communication). 
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any cascara extractives and bile salts, will be extracted by the sodium bi¬ 
carbonate solution and thus removed from interference. 

Four modifications of the extraction and iodine precipitation method 
were tried on an old sample with the following results: (1) 3.22 per cent, 
(2) 3.17 per cent, (3) 3.11 per cent, (4) 3.14 per cent. 

The details of the method follow: 


PHENOLPHTHALEIN IN PRESENCE OF BILE SALTS 

Method 1 .—Suspend the powdered material in water, acidify with dilute HC1, 
and extract with CHCl*-ether (3-j-l). Pass each portion of solvent through two 
separators, each of which contains 10 ml. of freshly prepared 4% NaHCOs solution. 
Filter the solvent, evaporate to dryness, and proceed as directed in Methods of 
Analysis, A.O.A.C ., 1940, 613, 162-164. 

Method 2 .—Proceed as directed in Method 1. Then take up the residue in solvent 
and alkali, acidify, and re-extract. 

Method 3 .—Extract without acidifying. Pass each portion of solvent through 
three separators, each of which contains a few ml. of dilute NaOH solution. Discard 
solvent. Combine the NaOH solutions, acidify, and extract with ether. 

Method 4.—Proceed as directed in Method 1 except to use washed solvent and 
not to acidify the sample. 


From these experiments it does not appear to be necessary to take 
phenolphthalein into sodium hydroxide solution (Methods 3 and 4), to 
wash the solvent, or (in this particular product) to acidify the sample for 
the extraction. 

The following mixture was then prepared and examined by Method 1: 


grains 


Sodium Taurocholate (pure). 6 

Sodium Glycocholate (pure). 5 

Phenolphthalein (not dried or assayed). 1 

Phenolphthalein obtained (0.5 gram sample). 0.0447 

Theoretical. 0.0454 

Shortage (moisture or loss in determination). 0.0007 (1.5%) 


Experiments made by the Associate Referee indicate that phenol¬ 
phthalein may be determined in the presence of bile salts by extraction 
from aqueous solution (acidifying if necessary), washing the solvent with 
fresh sodium bicarbonate solution, and proceeding as directed under 
Phenolphthalein in Chocolate Preparations ( loc . cit,). It was observed that 
ordinarily it is not necessary to filter the ice-cold mixture with the bell jar 
arrangement. 


REPORT ON QUINACRINE HYDROCHLORIDE (ATABRINE) 

By Harold C. Heim (Food and Drug Administration, Federal 
Security Agency, San Francisco, Calif.), Associate Referee 

The twelfth edition of the United States Pharmacopoeia describes quin- 
acrine hydrochloride (atabrine) and quinacrine hydrochloride tablets and 
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also includes assay methods for both products. The problem of devising 
a method for determining quinacrine hydrochloride was assigned before 
the compound became official, and it was decided to continue the work 
in an attempt to devise an alternative method. 

Several colorimetric methods for the determination of quinacrine hydro¬ 
chloride are in the literature, but these methods are designed primarily for 
minute amounts in body fluids and therefore were thought inapplicable 
to this problem. 

Chemically, quinacrine hydrochloride resembles the alkaloids, yielding 
precipitates with the usual alkaloidal reagents and forming salts with the 
mineral acids. From solutions of its salts the free base is precipitated by 
ammonia or fixed alkalies. The compound is official as the hydrated di¬ 
hydrochloride. It is soluble in water and alcohol but is insoluble in ether 
and chloroform. The free base is insoluble in water but soluble in ether 
and chloroform. Both the free base and its anhydrous salts are hygro¬ 
scopic. 

Because of the solubility characteristics of quinacrine hydrochloride, it 
was decided to attempt an extraction method whereby the free base is 
precipitated by ammonia and extracted with a chloroform-ether mixture. 
The solvent is evaporated, and finally the free base is dried and weighed. 
Results in reasonable agreement with the theoretical were obtained with 
this method both with pure quinacrine hydrochloride and also with a 
simulated tablet mixture consisting of quinacrine hydrochloride, talc, 
and starch. The method in Pharmacopoeia XII was also applied. It 
yielded results that closely approximated those obtained by the extrac¬ 
tion method, but it proved to be somewhat cumbersome when applied to 
tablet mixtures. 

Samples were sent to collaborators with instructions for assay by both 
methods. The directions for the extraction method were as follows: 

EXTRACTION 

Quinacrine Hydrochloride .—Transfer approximately 0.2 gram accurately 
weighed, to a separator with the aid of about 30 ml. of water. Add 5 ml. of NH 4 OH 

T. S., shake well, and extract with 20, 20, 10, 10, and 10 ml. portions of a solvent con¬ 
sisting of chloroform 3—ether 2. Combine the solvent portions in a second separator, 
wash with 10 ml. of water, and filter through cotton into a tared weighing bottle. 
Evaporate on steam bath with a gentle current of air, dry at 100 °C., cover tightly, 
cool, and weigh. 

Report percentage of free base and also report as quinacrine hydrochloride 

U. S.P. XII (CnHioCINso *2HC1 *211*0), using the factor 1.2724. 

Quinacrine Hydrochloride in Tablets .—Weigh approximately 0.35 gram of the 
finely pulverized material, accurately weighed, into a separator with the aid of about 
30 ml. of water. Add an amount of stearic acid equal to approximately 5% of the 
weight of the sample taken and follow with 2-3 drops of HC1. Extract three times 
with 15 ml. portions of a solvent (chloroform-ether, 3 -f 2) and collect the solvent in a 
second separator. Wash the combined solvent layers once with 20 ml. of water and 
combine the aqueous layer with the contents of the first separator. Discard the sol¬ 
vent layer. 
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To the combined aqueous layers add 6 ml. of NH 4 OH T.S., shake well, and ex¬ 
tract with 20, 20, 10, 10, and 10 ml. portions of the solvent. Combine the solvent by 
filtering each through a small pledget of cotton into a second separator and proceed 
as directed in the method for the assay of Quinacrine Hydrochloride , beginning 
“wash with 10 ml. of water. ...” 

C 28 H8oC1Nso X 1.2724 ^HsoClNaO • 2HC1- 2H 2 0 
IDENTIFICATION 

Dissolve the free base in the weighing bottle in ether and add a slight excess of 
a solution of HC1 in alcohol (14-10). Stir, and filter with suction. Wash with a little 
alcohol and ether, dry, and determine the melting point. 

Results obtained by both the U.S.P. XII and the extraction methods 
when applied to a sample of U.S.P. XII quinacrine hydrochloride are 
listed in Table 1. Table 2 shows results obtained by both methods as ap¬ 
plied to a simulated tablet mixture. 


Table 1. —Results on quinacrine hydrochloride (per cent) 




EXTRACTION METHOD 


U.B.P. XII METHOD 


FOUND 

THEORY RECOVERY 

FOUND 

THEORY 

RECOVERY 

O. H. Miller 

78.75 

78.73 

78.586 100.20 

100.18 

78.62 

78.586 

100.04 

Neulon Deahl 


78.586 100.63 

100.65 

77.20 

77.87 

78.586 

98.23 

99.09 

H. C. Heim 


78.586 100.06 

100.18 


78.586 

100.23 

100.08 

Table 2.— 

Results on simulated tablet mixture containing 
quinacrine hydrochloride (per cent ) 



EXTRACTION METHOD 1 

[J.S.P. XII METHOD 

M.P. OF 

nvnviwn k 


FOUND 

THEORY RECOVERY FOUND 

THEORY 

RECOVERY 

tvAUlN«nA l JB1I 

BHCl 

O. H. Miller 

34.91 

35.10 

34.759 100.43 34.95 

100.98 

34.759 

100.55 

•c 

247-253 

(decomp.) 

Neulon Deahl 

34.24 

35.11 

34.759 98.507 33.17 

101.01 32.08 

34.759 

95.429 

92.293 

247-248 

(decomp.) 

H. C. Heim 

35.08 

34.91 

34.759 100.92 34.04 

100.43 34.73 

34.759 

97.934 

99.920 

247-252 

(decomp.) 


SUPPLEMENTARY REPORT ON ATABRINE 

Atabrine (quinacrine hydrochloride) was assigned for study two years 
ago. In the interval the substance was admitted to U.S.P. XII, and a 
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method for the assay of the substance was introduced. The Pharmacopoeia 
also provided a method for the assay of the tablets. The U.S.P. method for 
tablets was found unsatisfactory, and a modification is being prepared for 
the first supplement to the Pharmacopoeia. A method differing consider¬ 
ably from that in the Pharmacopoeia was recommended for adoption by 
the Associate Referee, but this was not done. Almost at the close of the 
meeting there was mentioned a method for the assay of the tablets which 
was in use by the Food and Drug Administration in regulatory work and 
by manufacturers in control. This method is much simpler than that given 
in the Pharmacopoeia, and in the absence of interfering substances is be¬ 
lieved to be as accurate. It is recommended that the Associate Referee be 
directed to study the short method. The details of this method follow: 

ATABRINE 

Short Method 

Weigh 50 tablets for average weight. Reduce 20 tablets to a fine powder and 
transfer about 0.500 gram accurately weighed to a 100 ml. volumetric flask. Add 
45 ml. of sodium acetate-acetic acid mixture.* Shake thoroughly to dissolve quina- 
crine hydrochloride. Allow to settle and add 50 ml. of 0.1 N K 2 O 2 O 7 . Fill to mark 
with distilled water and mix well. Filter through a dry filter, rejecting the first 15 ml. 
of the filtrate. Measure 50 ml. of the subsequent filtrate into a glass-stoppered flask. 
Add 80 ml. of dilute HClf and 20 ml. of KI, U.S.P. test solution. Stopper the flask 
and mix by gentle swirling. Allow to stand for 5 minutes and titrate the liberated 
iodine with 0.1 N Na 2 S 20 3> adding starch T.S. when the end point is neared. 1 ml. of 
0.5 N K 2 O 2 O 7 - .008482 gram of C 2 3 HaoClN s O • 2HC1 2H 2 0. 

This procedure has also been found advantageous for assaying the drug 
as well as the tablets. 

In order to standardize the potassium dichromate solution in a manner 
comparable to the assay, the Associate Referee deviated slightly from 
the method given in U.S.P. XII, p. 754, under “Method II.” The mixture 
was allowed to stand for only 5 minutes in a dark place before titration 
of the iodine instead of 10 minutes, since the assays call for standing only 
5 minutes. The concentrations of the reagents used were also varied some¬ 
what. 


REPORT ON SEDORMID 

By I. Schurman (Food and Drug Administration, Federal Security 
Agency, Cincinnati, Ohio), Associate Referee 

In accordance with the recommendation of Subcommittee B study of 
sedormid was undertaken with a view to developing a method for its 
assay, especially in tablets. It was also considered to be desirable to in¬ 
clude an identity test and a test for the presence of barbiturates. 


* Acetate-acetic acid mixture.—Sodium acetate, 2.5 g.; acetic acid, glacial, 1 ml.; water, q.s., 45 ml. 
t Dilute HC1.—HC1 cone., 15 ml.; Diet, water, q.e., 80 ml. 
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According to the literature sedormid (allyl-isopropylacetyl-carbamide) 
is a monoureide having the structural formula: 



\ CH—CO—NH—CO—NHi 

ch 2 =ch—ch/" 

It is a white crystalline powder, soluble in alcohol, ether, acetone, 
chloroform, and benzol. It melts at 193°-195°C. 

Sedormid may be extracted from a tablet mixture and determined 
quantitatively by evaporation of the solvent. Recoveries of 99.6 per cent 
were obtained by this method, but since it is not specific further work 
along this line was discontinued. 

If sedormid is hydrolyzed one of the products is urea. By the applica¬ 
tion of the urease method, the liberated urea is converted into ammonia, 
which may be determined quantitatively. Application of this principle to 
the tablet mixture gave low results. Experiments showed that the hydroly¬ 
sis of the sedormid was incomplete, owing to the presence of starch. 
Apparently some of the sedormid material is embedded in the material 
during granulation and thus resists hydrolysis. This difficulty was over¬ 
come by extracting the sedormid from the tablet mixture with chloroform 
and subjecting the residue to hydrolysis. 

In the distillation of the ammonia incessant foaming was encountered. 
Several anti-foaming agents commonly used, such as paraffin, toluene, 
caprylic alcohol, diglycol stearate, and camauba wax were tried, but none 
was found as effective as the addition of a small amount of a soluble bar¬ 
ium or calcium salt. These salts apparently react with the foaming mate¬ 
rial present in urease to form insoluble compounds. 

The pure sedormid powder and the tablets used in this investigation 
were obtained from a reputable manufacturer. A melting point of 194°- 
5°C. and a total nitrogen content of 15.00 per cent (theory 15.21 per cent) 
were obtained on the pure powder. 

The proposed method for the assay of sedormid in tablets is as follows: 

SEDORMID IN TABLETS 

Transfer a weighed quantity of the powdered sample containing about 0.3 gram 
of sedormid to a small beaker. Add CHClt and mix. Decant the solvent through a 
filter and wash residue with CHClt until the material is completely exhausted. 
Evaporate most of the CHCli on a steam bath. Transfer residue to a 500 ml. Kjeldahl 
flask. Evaporate the CHClt on a steam bath to apparent dryness. Connect flask to 
suction and remove residual CHClt. Add 20 ml. of HC1 (3+2). Place the flask on an 
asbestos board (with a 2 f hole in center), connect with a condenser, and reflux 
gently for 1 hour. Swirl flask occasionally to wash down any particles adhering to 
the walls of the flask above the liquid. Cool, and neutralize with NaOH (1+1) to 
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methyl red. Add 50 ml. of water and cool to room temperature. Add two 0.1 gram 
urease tablets (crushed). Stopper flask and let stand 1 hour. Add 1-2 grams of 
Bad*, 150 ml. of water, and 10 ml. of NaOH (1-fl). Distil the ammonia into a 
measured amount of standard acid and titrate excess acid with standard alkali, 
using methyl red indicator. Run a blank and correct results. 

1 ml. of 0.1 N H*S0 4 —0.009207 gram of sedormid. 

Caution: At the beginning of the NH« distillation use a low flame and gradually 
bring the mixture to a boil. The flame may then be increased without danger of foam¬ 
ing. 

The following results were obtained by the proposed method. 

(1) Pure sedormid powder: 99.06, 98.79, and 98.94%. 

(2) Sedormid tablets: Declared 4 grains; found 3.92, 3.94, and 3.96 grains. 

(3) Synthetic sedormid mixture containing 65% sedormid and 85% starch: Found 
64.22 and 64.30%. Average recovery, 98.9%. 

The following identity teste are also presented: 

IDENTITY TESTS 

Dumont reaction .—To about 0.1 gram of sedormid in a small porcelain dish add 
0.5 ml. of HNO*. Heat carefully over a flame until all nitrous fumes are removed. 
Evaporate solution to dryness on steam bath. Add 2 drops of NH 4 OH. (The residue 
shows the following color scale: yellow-orange-deep red. After a short time a mauve 
colored precipitate forms.) Add 5 ml. of CHCl a . (The CHCU takes on a pink to violet 
color.) 

Barbiturates .—Triturate 0.5 gram of sedormid with 5 ml. of water and 3 drops of 
NH 4 OH. Filter, and evaporate the filtrate in a porcelain dish on a water bath. Dis¬ 
solve residue in 5 ml. of hot water. Add a few drops of HgS0 4 solution and cool. (The 
solution does not become turbid.) 

Prepare the HgS0 4 solution by dissolving 7 grams of HgS0 4 in 25 ml. of water 
and 4.5 ml. of H*S0 4 , and dilute to 100 ml. 

The test is not applicable in the presence of chlorides. 


REPORT ON MISCELLANEOUS DRUGS 

By Chris K. Glycart (U. S. Food and Drug Administration, 
Chicago, Ill.), Referee 

Last year four reports were published without recommendations since 
the A.O.A.C. meeting for 1942 was omitted. The topics were as follows: 

“Report on Microchemical Tests for Alkaloids and Synthetics,” by 
George L. Keenan, This Journal , 26, 96. 

The study consisted of tests for choline, sulfadiazine, and sodium sulfa¬ 
diazine. The work was submitted to nine collaborators. In accordance 
with the favorable results obtained by the collaborators as stated in their 
comments to the Associate Referee, it is now recommended by him that 
the test be adopted as tentative. The Referee concurs. 

“Quantitative Determination of Quinine by Absorption Spectrophotom¬ 
etry,” by Jonas Carol, Ibid., 238. 

Over 1000 samples, consisting chiefly of Army medical supplies, were 
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examined. The advantage of the method is its speed and accuracy. Five 
chemists of the Chicago Station drug laboratory have used the method 
with excellent results. The associate referee has recommended that the 
method be adopted as tentative with a view to final action as official with¬ 
out further work. The Referee concurs. 

“Report on Ethylene Glycol, Propylene Glycol, Glycerol, and Diethyl¬ 
ene Glycol,” by Milton Orchin, Ibid., 99. 

No collaborative work was performed. It is recommended that the 
subject be reassigned since the associate referee has resigned from the 
Food and Drug Administration. 

“Report on Emulsions,” by Harold F. O’Keefe, Ibid., 310. 

The work was continued for the second year. Seven collaborators par¬ 
ticipated, and the results are in good agreement. It is recommended that 
the method for the determination of phenolphthalein in emulsions of 
liquid petrolatum with phenolphthalein be adopted as tentative. 

For the current year the two following reports were received: 

“Report on Spectrophotometric Methods, the Determination of Quina- 
crine Hydrochloride by Absorption Spectrophotometry,” by Jonas Carol, 
Associate Referee. 

It is suggested that publication of this paper be made as early as con¬ 
venient since it is a method for a drug product largely used in current 
medical supplies in place of quinine (see below). 

“Microchemical Tests for Alkaloids and Synthetics,” by Geo. L. 
Keenan. 

Keenan stated that owing to war conditions and the attendant pressure 
of work placed upon collaborators, no test samples were sent out during 
the past year. However, microchemical tests have been worked out for 
quinacrine, totaquinacrine, and sodium diphenylhydantoin, and it is 
hoped that collaborators will find time to study the test samples that will 
be sent out next year. It is therefore recommended that the study next 
year include quinacrine, totaquinacrine, and sodium diphenylhydantoin. 
The Referee concurs. 

REPORT ON SPECTROPHOTOMETRIC METHODS 

DETERMINATION OF QUINACRINE HYDROCHLORIDE BY 
ABSORPTION SPECTROPHOTOMETRY 

By J. Carol (Food and Drug Administration, Federal Security 
Agency, Chicago, Ill.), Associate Referee 

The widespread use of quinacrine hydrochloride (atabrine)— 

| NHCHCH»CH s CH a CH 2 N(C*H*), 

CH*0 /'\/\y / \+2HCl+2HaO 

VWCi 

N 
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in the prophylaxis and treatment of malaria makes it desirable to have 
a rapid method for its determination in tablets and in other forms in 
which it may be dispensed. The present U.S.P. XII assay, p. 383, requires 
repeated extractions with ether and is too time-consuming for the analysis 
of large numbers of samples. The proposed spectrophotometric method is 
based on the easy solubility of quinacrine hydrochloride in water and 
the bright yellow color of the resulting solution. 

EXPERIMENTAL 

The purity of the quinacrine hydrochloride used in this investigation 
was established by the U.S.P. XII assay and by determination of the 
nitrogen content by the Kjeldahl method. 1 

These results are recorded in Table 1. 


Table 1. —Analysis of quinacrine hydrochloride used in preparation of 
absorption data 


SAMPLE 

MANUFACTURER 

QUINACRINE HYDROCHLORIDE 

BY U.S.P. XII ASSAY 

NITROGEN 

FOUND 

THEORY 



per cent 

per cent 

per cent 

per cent 

1 

A 

99.7 

99.1 

8.24 

8.26 

2 

B 

100.1 

99.9 

8.27 

8.26 

3 

B 

100.0 

99.7 

8.27 

8.26 


Solutions containing 4.0 mg. of quinacrine hydrochloride per 100 ml. of 
0.1 N hydrochloric acid were prepared from each sample, and their ab¬ 
sorptions (Ej *£ rcent ), relative to 0.1 N hydrochloric acid, were meas¬ 
ured from 300 to 500 m n, a Beckmann quartz spectrophotometer be¬ 
ing used. The absorption spectra of the three samples were practically 
identical, as shown in Table 2 by the absorption data at the principal 
maxima and minima. 


Table 2. —Absorption data 


SAMPLE 

mm 

MAXIMA 

_ 1 PER CENT 

E 1cm. 

mm 

MINIMA 

_ 1 PER CENT 

E 1cm. 

1 

344 

99 

320 

53 


425 

188 

365 

25 


442 

176 

437 

172 

2 

344 

99 

320 

56 


425 

188 

365 

28 


442 

174 

437 

173 

3 

344 

98 

320 

51 


425 

188 

365 

25 


442 

173 

437 

171 


* Methods of Analysis, A.O.A.C., 1940, 26. 
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Figure 1 shows the absorption spectrum of quinacrine hydrochloride 
from 300 to 500 mu and is representative of all three samples. 

To test the applicability of the Beer-Lambert law to the solution of 
quinacrine hydrochloride in 0.1 N hydrochloric acid, absorption measure¬ 
ments were made of a series of solutions containing 1.0-5.0 mg. per 100 ml. 
at 425 mu, the wave length of the principal peak absorption. These data 



Fig. 1.—The absorption spectrum op quinacrine hydrochloride 

in 0.1 N HC1 

are recorded in Table 3. The straight line produced in Figure 2 by plotting 
absorption values against concentration demonstrates that the Beer- 
Lambert law is satisfied within the limits of experimental error. 


Table 3.— Applicability of Beer-Lambert law to solution of quinacrine 
hydrochloride in 0.1 N HCl 


QU1NACRINX HTDBOCHLORID*/ 

100 ml. 0.1 N HCl 

E 1 CM. 425 MM 

IR0. 


1.0 

0.188 

2.0 

0.376 

3.0 

0.563 

4.0 

0.751 

5.0 

0.940 
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The effect of pH of solution was determined by measuring the absorp¬ 
tion (EJ ££““*) relative to the solvent at 425 m/i of solutions of quina- 
crine hydrochloride in normal hydrochloric acid, 0.1 N hydrochloric 
acid, distilled water, and 0.1 N sodium hydroxide. The results in Table 4 
show that the absorption is unaffected by pH changes below 7, but that 



0 1.0 2.0 10 4.0 so 

OuiMftuM Hqdtochloiida per 100ml OIK HCl 


Fig. 2.— Plot of e against concentration 
at 425 Mu 

alkaline solutions precipitate the base and are unsuited for spectrophoto¬ 
metric analysis. 


Table 4. —Effect of pH on absorption of quinacrine hydrochloride solutions 


SOLVENT 

1 PER cent 

E 1 CM. 

N HCl 

188 

0.1 N HCl 

188 

Distilled water 

188 

0.1 N NaOH 

Base precipitates 


The following method is proposed for the analysis of quinacrine hydro¬ 
chloride preparations that contain no other water-soluble substance hav¬ 
ing an absorption band at 425 m p.. 
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1 

QUINACRINS 

APPARATUS 

(a) Spectrophotometer or photoelectric photometer .—Having a filter with a peak 
transmittance at 425 m/4. 

(b) Matched 1 cm. absorption cells . 

REAGENTS 

(a) Hydrochloric acid .—Approximately 0.1 N. 

(b) Quinacrine hydrochloride .—Determine purity by U.S.P. assay or nitrogen by 
Kjeldahl method, Methods of Analysis , A.O.A.C. , 1940, 26, 21. 

(c) Standard solution. —2.5 mg. of quinacrine hydrochloride per 100 ml. of 0.1 N 
HC1. 

DETERMINATION 

Accurately weigh or measure a quantity of sample containing about 100 mg. of 
quinacrine hydrochloride and transfer to 1000 ml. volumetric flask. Add about 100 
ml. of the HC1, and heat on steam bath until the quinacrine hydrochloride has dis¬ 
solved. Cool, and dilute to volume with the HC1. 

Filter solution if not perfectly clear. Pipet an aliquot containing 2-3 mg. of 
quinacrine hydrochloride into 100 ml. volumetric flask and fill to mark with the 
HC1. Determine the absorption (E) relative to a blank of 0.1 N HC1 at 425 m/4. Also 
determine the absorption (E) of the standard solution relative to a blank of 0.1 N 
HC1 at 425 m/4. 

E sample 

Mg. of quinacrine hydrochloride in aliquot —-X2.5. 

E standard 


Table 5. —Analysis of samples of quinacrine hydrochloride tablets 


MANUFACTURER 

QUINACRINE HYDROCHLORIDE PER TABLET 

BT BY 

DECLARED 

SPECTROPHOTOMETER U.S.P. XII ASSAY 

ANALYST 


mp. 

mg. 

mg. 


a 

100 

104 

103 

1 

a 

100 

101 

100 

1 

a 

100 

104 

105 

1 

a 

100 

102 

102 

1 

a 

100 

104 

104 

1 

a 

100 

100 

100 

1 

b 

97.2 (14 grs.) 

95.0 

96.0 

1 

b 

100 

105 

105 

1 

b 

100 

99.3 

97.6 

1 

b 

100 

102 

101 

1 

b 

100 

96.7 

95.8 

1 

b 

100 

99.0 

99.0 

2 

b 

100 

101 

102 

2 

b 

100 

97.7 

95.8 

2 

b 

100 

99.5 

98.8 

2 

b 

100 

96.7 

95.0 

1 

b 

100 

99.3 

99.0 

3 

b 

97.2 (ljgrs.) 

95.4 

97.1 

1 


Analyst 1, Jonas Carol; 2, Harold F. O’Keefe; 3, Wm. F. Kunke. 
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In Table 5 are shown the results of analysis of 18 samples of quinacrine 
hydrochloride tablets by both the U.S.P. assay and the proposed spectro- 
photometric method. 

SUMMARY AND RECOMMENDATIONS 

The results of analysis of quinacrine hydrochloride tablets by the 
U.S.P. XII method and by the proposed spectrophotometric method show 
good agreement between the two methods. The spectrophotometric meth¬ 
od is much more rapid than the U.S.P. XII assay as no extractions are 
necessary; 25 analyses can easily be made by one analyst in eight hours’ 
working time. 

In view of the results obtained it is recommended that the method be 
adopted as tentative. 

REPORT ON COSMETICS AND COAL-TAR COLORS 

By Dan Dahle (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Referee 

Since the last meeting several changes have taken place among the 
associate referees. The Associates on Common Ash Constituents, Per¬ 
oxides in Cosmetics, Hair Dyes and Rinses, Mercury in Cosmetics, 
Betanaphthol in Hair Lotions, and Nail Cosmetics are no longer doing 
cosmetic work and the Associates on Lip Make-up, Eye Lotions, and 
Intermediates in Coal-Tar Colors are in the Armed Forces. In other cases 
the Associates for one reason or other have been unable to find the time 
for referee work. 

All in all, however, since the last meeting there have been presented five 
reports on cosmetics and four reports on coal-tar colors. In accordance 
with the interim provision relative to publication, all but two of these re¬ 
ports have already appeared in This Journal. A short summary of such 
published reports, together with the unpublished recommendations, will 
be presented. 

The Referee makes the following recommendations:* 

(1) That the following methods, now official, first action, be adopted 
as official, final action: 

Sulfides in Depilatory Powders 
p-Phenylenediamine in Hair Dyes 
Pure Dye in D&C Orange No. 3 
Pure Dye in D&C Yellow No. 7 

(2) That the following methods be adopted as official, first action: 

Salicylic Acid in Hair Lotions 
Alizarin in Madder Lake 


For report of Subcommittee B and action by the Association, see Thu Journal , 27, 55 (1944). 



366 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. XXVII, No. S 


(3) That the following methods be adopted as tentative: 

Pure Dye in D&C Red Nos. 8 and 81 
Halogens in Halogenated Fluoresceins 

(4) That the following topics be dropped for the duration of the war: 

Common Ash Constituents 
Peroxides in Cosmetics 
Betanaphthol in Hair Lotions 
Dentrifrices and Mouth Washes 
Lip Make-up and Rouges 
Eye Lotions 

(5) That the following topics be reassigned: 

Mercury Salts in Cosmetics 
Deodorants and Anti-perspirants 
Hair Dyes and Rinses 
Nail Cosmetics 

Intermediates in Coal-Tar Colors 

(6) That the following new topics be studied: 

Cosmetic Skin Lotions 

Mixtures of Coal-Tar Colors for Drugs and Cosmetics 
Acetates, Carbonates, Halides, and Sulfates in Certified Colors 

(7) That other topics be continued as listed. 


REPORT ON NAIL COSMETICS 
By William H. Naylor (Long Beach, Calif.), Associate Referee 

I. PRELIMINARY SEPARATION OF NON-VOLATILE 
CONSTITUENTS 

Nail enamels are lacquers adapted for use on the nails of the fingers and 
toes. They usually consist of a solution of a cellulose ester, a plasticizer, 
and a resin in a solvent, which is a mixture of organic compounds. There 
are two types of nail lacquer on the market, namely clear and “cream/' 
The cream type contains a suspended pigment which imparts a creamy ap¬ 
pearance. The clear type contains no insoluble pigment, but it may have 
color. 

Nitrocellulose is the cellulose compound most commonly used. How¬ 
ever, other cellulose esters, as ethyl cellulose, cellulose acetate, etc., have 
been proposed for use. Camphor is quite commonly present in nail lac¬ 
quers as a plasticizer, although a wide variety of other compounds may 
be encountered. The resins are likely to be the synthetic ones, since they 
are more constant in composition and usually clearer in color. 

The insoluble pigment in several of the cream-type enamels is titanium 
dioxide, frequently so finely divided that it is difficult if not impossible to 
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effect a separation with a centrifuge. Other types of insoluble materials 
are used; for example, a mother of pearl effect is said to be achieved by 
use of small crystal plates of quanin, a substance derived from fish scales. 1 

The choice of solvent is important, for if the evaporation is too rapid 
the cooling will cause condensation of moisture and ruin the surface. Con¬ 
versely, too slow evaporation will be undesirable. However, slower drying 
lacquers are less susceptible to chipping and peeling. The vapor pressure 
of a solvent at body temperature is a better criterion of its evaporation 
rate than is its boiling point, since the evaporation rates of substances at 
a given temperature do not necessarily increase as their boiling points de¬ 
crease. 

The type of nitrocellulose used in lacquers 1 is a mixture of the di- and 
trinitrated cellulose containing about 12 per cent nitrogen, not the fully 
nitrated cellulose or gun cotton. It is soluble in esters, ketones, aldehydes, 
organic acids, and ethers that have an OH group in the molecule. It is 
also soluble in a mixture of ethyl ether and ethyl alcohol, but not in either 
of these substances alone. The alcohols and ethers are sometimes called 
extenders, since they may be used to dilute a solution of nitrocellulose in 
one of its true solvents. Hydrocarbons are also used as diluents. Here the 
dilution ratio is finite, and excessive addition of hydrocarbons will cause 
precipitation of the nitrocellulose. The aromatic compounds have higher 
dilution ratios, i.e., a larger quantity of toluene may be added before pre¬ 
cipitation occurs than is possible with normal hexane. Hydrocarbons are 
used primarily to reduce the solvent cost. 

The investigation of solvents was not undertaken because of the lack of 
adequate fractionation equipment. The separation of lacquer solvents into 
their constituents even with the best fractionating column will be fraught 
with difficulty because of the formation of azeotropes. The solvent can be 
separated from the solids by ordinary distillation of a large sample to a 
small volume followed by a steam distillation. This last step will probably 
carry over some of the plasticizer. 

The total non-volatile matter in a lacquer is not effectively determined 
by mere evaporation because if the lacquer is not spread out in a very thin 
film, solvent inclusion is likely to occur. Water, petroleum ether, benzene, 
or chloroform may be added to precipitate the nitrocellulose and other 
materials. Water will precipitate the resins and nitrocellulose, but the 
stringy precipitate produced and the relative difficulty of evaporating 
the water make it by far the least desirable precipitant. Any of the three 
organic precipitants mentioned may be used in the determination of total 
solids. A convenient procedure is as follows: 

METHODS 

Total Solids .—Place the lacquer in a sample bottle of the Grethen type or some 

i McDonough. Everett G., "Truth About Cosmetics/’ p. 137 et »eq. Drug and Cosmetic Industry, New 
York (1925). 
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modification thereof, where evaporation loss is held to a minimum. Run the sam¬ 
ples out into platinum dishes containing some of the precipitant and weigh by dif¬ 
ference. Place the dishes in a stream of dust-free air with perhaps slight warming 
and allow to evaporate. When the liquid is almost gone, add more precipitant and 
break up the precipitate so that there will be less liquid inclusion as the last of the 
precipitant is removed. Carry the evaporation to completion and determine the in¬ 
crease in weight of the platinum dishes. 

Ash .—Place the platinum dishes containing the solids in a muffle furnace and 
heat gradually to 550°C. (The ash will serve to determine inorganic pigments, aB for 
example, titanium dioxide, although for best accuracy a blank should be deter¬ 
mined for a clear lacquer of the same composition since nitrocellulose itself leaves an 
appreciable ash.) 

Separation of Nitrocellulose and Dye from the Other Constituents .—Weigh 2-3 
gram aliquots into 100 ml. beakers half filled with CHCls. Run the lacquer into the 
CHC1* dropwise or in a thin stream so that the precipitate will form small pieces. 
Transfer the precipitate to a weighed, glass Soxhlet thimble (asbestos mat or fritted 
disc), wash with CHCls, and collect the filtrate in a crystallizing dish. Extract the 
precipitate with CHCls for 3-4 hours in a Soxhlet extractor. Add the extraction 
CHCls to the filtrate in the crystallizing dish and evaporate the mixture in an air 
current. When the odor of CHCls is gone, take up the residue in CHCls, filter, and 
wash into a weighed vessel. Allow the CHCls to evaporate as before and place the 
dish with a similar tare in a desiccator before weighing. Cool, weigh, and record as 
“resins and plasticizers.” (The filtration step is necessary because the solvent con¬ 
tained in the original CHCls precipitation holds some of the nitrocellulose in solu¬ 
tion. When the solvent is removed by evaporation, the nitrocellulose may be precipi¬ 
tated.) 

Dissolve the residue from the filtration of the resins and plasticizers through the 
filter into the original precipitation beaker, using as small a quantity of acetone as 
possible. Dissolve the nitrocellulose and dye remaining in the becker and evaporate 
the acetone to very small volume. Extend the solution with alcohol and again evapo¬ 
rate, then add CHCls, transfer the precipitate to the Soxhlet thimble, dry, and weigh. 

Table 1 gives some typical data obtained by this procedure. 

Table 1 .—Typical results obtained 


SAMPLE 

NITROCELLULOSE AND DTE 

per cent 

RESINS AND PLASTICIZERS 

per cent 

REMARKS 

1 

14.31 

14.50 

12.05 

12.05 

dark red 

2 

10.59 

10.58 

12.17 

12.50 

colorless overcoating 

3 

15.95 

16.33 

14.16 

13.98 

very light pink 

4 

10.93 

11.28 

12.22 

11.41 

bright red 

5 

19.21 

19.91 

5.22 

4.75 

colorless overcoating 

6 

13.65 

— 

13.67 

13.42 

light red 

7 

— 

— 

12.97 

13.03 

dark red 

8 

17.30 

17.44 

13.64 

13.90 

bright red 

9 

15.76 

15.83 

— 

— 

very dark red 

10 

16.72 

17.36 

— 


colorless overcoating 


In all samples investigated, the chloroform extraction method sepa¬ 
rated the nitrocellulose and the color as a precipitate, with the resins and 
the plasticizers in the filtrate. If camphor is present in the “resins plus 
plasticizers” thus separated, the dish containing them must not be heated 
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or the camphor will be lost. On the other hand, if after the total resins 
and plasticizers have been weighed, the dish is then heated (preferably in 
a non-oxidizing atmosphere), the camphor or other volatile plasticizers 
may be driven off quantitatively. This last point has not been investigated 
thoroughly, however. 

Attempts to separate the nitrocellulose quantitatively from the dyes 
have not been successful. Regeneration of the cellulose from nitrocellulose 
by use of ammonia and alkali sulfides was not quantitative. The deter¬ 
mination of nitrogen can not serve to evaluate the amount of nitrocellu¬ 
lose, because most of the dyes used contain nitrogen. Partial separation 
for qualitative purposes may, however, be effected in various ways. Some 
dye may be removed by treating an ethyl acetate solution with ammonia 
water. Some of the nitrocellulose is decomposed, and there is considerable 
trouble with emulsification. Dye may be separated on wool from an ace- 
tone-water mixture or on silk from an alcohol medium. Nitrocellulose free 
from dye may be secured by slowly adding chloroform to an alcohol- 
ether solution, from which most of the ether has been removed by evapo¬ 
ration, until the first precipitate appears. This precipitate is filtered and 
washed with a mixture of $ alcohol and § chloroform. If the precipitation 
is stopped in time, the nitrocellulose will contain very little color; if it is 
carried to completion, it will contain essentially all the color. A similar 
separation may be carried out by adding water to a solution of the mate¬ 
rial in glacial acetic acid. When the nitrocellulose is obtained relatively 
color free, its presence may be confirmed by testing a film of it on a micro¬ 
scope slide with a 1 per cent solution of diphenylamine in concentrated sul¬ 
furic acid. The presence of nitro groups is indicated by an intense blue. 

The best hope for quantitative estimation of nitrocellulose and dye in 
a mixture appears to be the use of a spectrophotometric method. If the 
qualitative determination of the dye can be made from its absorption spec¬ 
trum then its concentration can be determined from the extinction or 
optical density at an absorption peak. 

•The literature on lacquer analysis is rather scarce, but some of the 
additional references consulted in this work are listed. 

It is recommended that the study of this topic be continued. 

ADDITIONAL REFERENCES 

(1) Gardner, Henry A., “Physical and Chemical Examination of Paints, 
Varnishes, Lacquers, and Colors,” 5th ed. (1930). Distributed by Institute of Paint 
and Varnish Research, Washington, D.C. 

(2) Conley, A. D., Ind. Eng. Chem 7, 882 (1915). 

(3) Gardner, Henry A., “Examination of Pyroxylin Lacquer Coatings,” Circ. 
No. 227, Paint Manufacturers’ Assoc., Washington, D. C. (1925). 

(4) Wilson, Samuel P., “Pyroxylin Enamels and Lacquers,” p. 194. D. Van 
Nostrand, New York (1925). 
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REPORT ON BUFFERS AND SOLVENTS IN TITANIUM 
TRICHLORIDE TITRATION 

By O. L. Evenson (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Associate Referee 

Samples of D&C Red Nos. 8, 19, and 31 were sent to the following col¬ 
laborators: 

Allied Chemical and Dye Corporation (National Aniline Division) 

Ansbacher-Siegle Corporation 

Calco Chemical Company 

H. Kohnstamm & Company 

S. S. Forrest, U. S. Food and Drug Administration 

Collaborators were asked to determine pure dye and volatile matter 
by the following methods: 

VOLATILE MATTER 

Weigh about 2 grams of sample into a weighing bottle about 1.5 inches in diame¬ 
ter and dry in an air oven at 135°C. for 6 hours or overnight. Cool in a desiccator and 
weigh. Repeat the heating and weighing at hour intervals until the weight becomes 
constant (±1.0 mg.). Report the loss in weight as volatile matter. 

PURE DYE IN D&C RED NO. 8 AND D&C RED NO. 31 

In a wide-mouthed Erlenmeyer flask dissolve 0.2 gram of the sample in 5 ml. of 
cone. H,SO,. Dilute with 100 ml. of water and add sufficient 30% NaOH to leave the 
solution slightly acid. Add 15 grams of sodium bitartrate and heat to dissolve the 
buffer. Add approximately 125 ml. of 95% alcohol, heat to boiling, and titrate slowly, 
especially towards the end, with TiCl, to a yellow end point. 

1 ml. of 0.1 N TiCl,-0.00997 gram of D&C Red No. 8; 1 ml. of 0.1 N TiCl, 
-0.007783 gram of D&C Red No. 31. 

PURE DYE IN D&C RED NO. 19 

Dissolve 2.5 grams of color in a 500 ml. volumetric flask. Dilute to the mark, mix, 
and pipet 100 ml., corresponding to 0.5 gram, into a wide-mouthed Erlenmeyer flask. 
Add 200 ml. of 95% alcohol and 20 grams of sodium tartrate. Heat, and titrate slowly 
with standard TiCl,. Keep the solution at the boiling point during the reduction 
period. When the solution is practically colorless, add about 1 ml. of TiCl, in excess 
and wash down the side of the flask with a spray of water. When all dye has been 
completely reduced, remove the flame, and add 25 ml. of cone. HC1 and about 5 
grams of NH,CNS. Titrate back at once with 0.1 N Fe, (SO,), until a persistent red 
is obtained. If it appears that the end point has been overstepped, use a few drops 
of TiCl, to bring it back. 

1 ml. of 0.1 AT TiCl, -0.02395 gram of D&C Red No. 19. 

The results are given in the table in the order the reports were re¬ 
ceived. 

As may be seen from the table, Collaborator 3 reported results well 
over 100 per cent for the pure dye in all three of these samples. According 
to his comments he was unable to obtain a definite end point. For D&C 
Red Nos. 8 and 31 closely agreeing results were obtained by the other col¬ 
laborators. For D&C Red No. 19 Collaborator 2 also reported results of 
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COLOR 

COLLABORATOR 

FURR DTR 

VOLATILE MATTER 

SOM PURE DTE 

AND VOLATILE MATTER 

D&C Red No. 8 

1 

per cent 

94.4 

per cent 

6.8 

per cent 

101.2 


2 

93.0 

— 

— 


3 

106.5* 

6.5 

113.0* 


4 

93.0 

6.9 

99.9 


5 

92.8 

7.1 

99.9 


Av. 

93.3 

6.8 

100.3 


Av. dev. 

±0.55 

±0.17 

± 0.57 

D&C Red No. 19 

1 

98.1 

1.8 

99.9 


2 

125.0 

1.4 

126.4 


3 

116.6* 

2.3 

118.9* 


4 

97.5 

1.6 

99.1 


5 

98.5 

3.7 

102.2 


Av. 

104.8 

2.16 

106.9 


Av. dev. 

±10.1 

±0.67 

±9.7 

D&C Red No. 31 

1 

94.5 

0.8 

95.3 


2 

94.2 

— 

— 


3 

111.7* 

0.7 

112.4* 


4 

93.7 

0.8 

94.5 


5 

96.4 

1.0 

97.4 


Av. 

94.7 

0.8 

95.7 


Av. dev. 

±0.85 

±0.07 

±1.1 


* Not included in average figures. 


more than 100 per cent for pure dye. His comments suggested that this 
was due to the method as written. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the method for pure dye in D&C Red Nos. 8 and 31 be 
adopted as tentative. 

(2) That the method for D&C Red No. 19 be rewritten and submitted 
to further collaborative study. 


For report of Subcommittee B and action by the Association, see This Journal, 27, 58 (1944). 
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REPORT ON MALT 

By Christian Rask (Albert Schwill & Company, Chicago, Ill.), 

Associate Referee 

The present method for the determination of bushelweight is based upon 
the method described in the “Handbook of Official Grain Standards of 
the United States” (rev. ed. June 1937), which specifies the use of a quart¬ 
sized receptacle. 

As these specifications call for uncommonly large samples many varia¬ 
tions of this equipment are in use. Of these, the most popular one has a 
pint-sized receptacle. 

Because the samples available for laboratories frequently are even 
smaller than one pint the American Society of Brewing Chemists ap¬ 
pointed a committee headed by S. Jozsa to conduct a study, with the 
purpose of developing a method that would make possible determinations 
on small samples. 

The method eventually developed determines the bushelweight by 
measuring the volume of a given weight. This is in contrast to the present 
method, which determines the weight of a standard volume. However, the 
same theory has been used in the past by Brauer, Greiner, Streitz, and 
others. The equipment needed is quite simple and inexpensive. It consists 
of a 250 ml. Normax cylinder, graduated to meet N.B.S. specifications, 
and a metal funnel provided with a plunger discharge. The funnel must fit 
snugly into the graduate and be large enough to accommodate the grain 
without danger of spilling it when the plunger is raised. The weight of the 
sample was set at 110 grams. 

The determination is carried out as follows: 

BUSHELWEIGHT 

Weigh 110 grams of the sample to the nearest 0.1 gram, and pour evenly into 
a metal funnel provided with a plunger discharge and placed on top of a 250 ml. 
Normax cylinder graduated to meet N.B.S. specifications. The funnel must fit 
snugly into the graduate and be sufficiently large to accommodate the grain without 
danger of spilling when the plunger is raised. Then drop the material into the cylin¬ 
der by raising the plunger. Do not jar or tap the cylinder during this operation or 
before reading the volume, and do not read the very upper grain level, as compensa¬ 
tion must be made for the ends of the few kernels that protrude. If the grain surface 
has a slant, repeat the test. 

Make the calculation, which is based on the consideration that the Winchester 
bushel used in this country holds 2150.42 cu. in. or 35.239 ml., as follows: X**W/Y , 
where X represents bu. wt. in lbs., Y the volume in Winchester bushels, and W the 
weight in lbs. If weight is constant ( K ), X**K/Y or XY **K. To ascertain K, let 
bushelweight equal unity, then with the constant weight of sample in the test 110 
grams— 

1 lb. _ 453.6 grams 110 grams 
1 bu. " 35.239 ml. 8545 ml. 



tm\ 

Therefore K -8545 and 
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bushel weight in lbs. 


_8545_ 

Volume occupied by 110 grams of sample in ml. 


For collaborative work a set of samples consisting of three malts and 
four barleys was prepared. In order to obtain the actual bushelweights the 
samples were first tested by the Chicago Branch of the Federal Grain 
Supervision, U. S. Department of Agriculture. The results on duplicate 
tests varied less than 0.1 lb. The samples were then circulated among five 
collaborators, who reported the results shown in the table. 


Collaborative Results 


COLLABORATOR 

l 

MALT 

2 

3 

l 

BARLKT 

2 3 

4 


Official U.S. 

Department of Agriculture 




38.45 

39.55 

35.15 

48.85 

49.40 

46.75 

42.10 


A.S.B.C. proposed, 

volumetric, 

with plunger discharge 


1 

38.40 

40.00 

34.50 

48.75 

49.40 

46.50 

42.00 

2 

38.40 

39.15 

35.15 

48.75 

48.95 

46.55 

42.00 

3 

38.58 

39.47 

34.74 

48.91 

49.54 

46.44 

41.69 

4 

38.15 

39.10 

34.85 

48.40 

49.10 

46.55 

41.90 

5 

38.37 

39.63 

34.75 

48.63 

48.75 

46.25 

41.75 

Spread: 

0.43 

0.90 

0.65 

0.51 

0.79 

0.30 

0.31 

Average: 

38.38 

39.47 

34.80 

48.69 

49.15 

46.46 

41.87 


A.S.B.C. 

proposed, volumetric, with slide discharge 


1 

38.25 

40.00 

34.25 

48.75 

49.75 

46.50 

42.00 

2 

38.55 

39.15 

35.00 

48.65 

49.40 

46.90 

42.05 

3 

38.41 

39.74 

34.95 

48.69 

49.25 

46.44 

41.58 

4 

38.90 

39.80 

35.85 

49.40 

49.85 

47.05 

42.20 

5 

38.32 

39.45 

34.81 

48.83 

48.83 

46.19 

41.68 

Spread: 

0.65 

0.85 

1.60 

0.75 

1.02 

0.86 

0.62 

Average: 

38.49 

39.63 

34.97 

48.66 

49.62 

46.42 

41.90 



Present method practised* 




1 

39.00 

40.25 

35.25 

49.75 

49.75 

47.00 

42.25 

2 

38.25 

39.25 

34.50 

48.50 

49.25 

46.50 

42.00 

3a 

38.60 

39.73 

35.35 

49.40 

49.95 

47.20 

42.30 

3b 

38.25 

39.62 

35.25 

49.00 

49.25 

46.63 

41.68 

4 

c 

38.20 

39.00 

35.20 

48.50 

49.00 

46.50 

41.50 

O 

Spread: 

0.8 

1.25 

1.30 

1.25 

0.95 

0.70 

0.80 

Average: 

38.46 

39.57 

35.11 

49.03 

49.44 

46.77 

41.95 


* 1 Modified Brauer Volumetric. 
2 Pint-eiaed bu. wt. tester. 

8a Quart-eiaed bu. wt. teeter. 

3b Pmt-eiaed bu. wt. teeter. 

4 Pint-eieed bu. wt. teeter. 

5 Did not report 
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The results are very satisfactory and demonstrate the soundness of the 
proposed method. On the basis of these studies it is therefore recom¬ 
mended that the method presented be adopted as an alternative procedure 
for the determination of bushelweight in malt. 

With further reference to the report on caramel and black malts sub¬ 
mitted earlier this year, the Associate Referee wishes to point out that 
these methods have been tested by collaborative studies over a period of 
three years. 

On the basis of these studies it is therefore recommended* that the 
methods for the analysis of caramel and black malts printed in This Jour¬ 
nal , 26, 300-301, be adopted as tentative. 


REPORT ON DIASTATIC ACTIVITY OF MALT 

By Allan D. Dickson (Bureau of Plant Industry, Soils and Agricultural 

Engineering, U. S. Department of Agriculture, Agricultural Research 
Administration, Madison 6, Wis.), Associate Referee 

The A.O.A.C. adopted as tentative the method for diastatic power of 
malt of the American Society of Brewing Chemists. It involves a Fehling 
titration procedure for determination of the reducing power of hydrolyzed 
starch solution. In 1937 Anderson and Sallans 1 proposed the use of the 
ferricyanide procedure of Blish and Sandstedt. 2 

In the reports of the Associate Referee on Diastatic Activity of Malt for 
1939 and 1942, 8 4 the suggestion was made that the ferricyanide procedure 
be adopted after collaborative work had been completed by the American 
Association of Cereal Chemists and the American Society of Brewing 
Chemists. 

In 1938, The Malt Analysis Standardization Committee of the A.A. 
C.C. 6 carried out a survey collaborative study of methods for diastatic 
power. In a small number of laboratories, the ferricyanide procedure 
showed less variation between laboratories than did the A.S.B.C. method. 
In 1939-40 the same committee conducted a rather comprehensive col¬ 
laborative study of the ferricyanide method. 8 Although the unexplained 
variations between laboratories were greater than was considered to be 
desirable, they were less than those from any other method studied. The 
A.A.C.C. adopted the ferricyanide procedure as tentative, as well as the 
method of the A.S.B.C. 

The following year a joint collaborative study of these two methods 
was carried out by the A.S.B.C. and the A.A.C.C., with 16 collaborators 

* For report of Subcommittee D and action by the Association, see Thu Journal , 27. 64, 82 (1944). 

* Can, J. Research, CIS, 70 (1937). 

a Cereal Chem ., 10, 189 (1933). 

* This Journal , 22, 200 (1939). 

* Ibid , 25. 265 (1942). 

6 Cereal Chem., 16, 353 (1939). 

* Ibid., 17, 645 (1940). 
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taking part. Reports of this study were presented to both associations. 7 * 8 
The two methods gave almost identical average values at the four levels 
of activity, and the variation between laboratories was similar. This study 
verified the conversion factor from ml. of ferricyanide to degrees Lintner 
suggested by Anderson and Sallans. 1 The A.S.B.C. adopted the ferricya¬ 
nide procedure as an alternative standard method for determining the 
reducing power after diastasis, and both societies recommended the use 
of the factor 23 in converting from net ml. of ferricyanide to degrees 
Lintner when the A.S.B.C. method using 200 ml. of starch and a final 
volume of 250 ml. are employed. 

A third collaborative study of the two modifications was carried out 
jointly by the two societies in 1942. The data in Table 1 of that report 9 
indicate further that both procedures give values of the same magnitude. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the ferricyanide modification for the determination of reduc¬ 
ing power after diastasis be adopted as tentative and used as an alterna¬ 
tive method to the Fehling titration procedure. 

(2) That paragraph 48, Methods of Analysis , A.O.A.C ., 1940, 161, be 
modified according to the recommendation of Rask 4 by the addition at 
the end of the second paragraph of the following, “Determine reducing 
power by I, Fehling\s modification, or II, ferricyanide modification. The 
revised copy for both of these modifications was published in This Jour¬ 
nal , 27, 82 (1944). 

(3) That diastatic power values be reported both as degrees Lintner 
and maltose equivalent until such time as degrees Lintner can be dropped. 


REPORT ON HOPS 

By Frank Rabak (Bureau of Plant Industry, Soils, and Agricultural 
Engineering, A.R.A., U. S. Department of Agriculture, 
Washington, D. C.), Associate Referee 

Because of the growing importance, in recent years, of the analysis of 
hops for the scientific evaluation of their brewing quality, attention has 
been directed by investigators both here and abroad to the development of 
satisfactory methods for the quantitative determination of those con¬ 
stituents on which their quality mainly depends. Work on the develop¬ 
ment of suitable methods was inaugurated by the American Society of 


» Cereal Chem ., 19. 249 (1942). 

• Proc. Am. Soc. Brew. Chem., 90 (1941). 

• Cereal Chem.. 20. 31 (1943). 

• For report of Subcommittee D and action by 


the Association, see This Journal, 27, 64, 82 (1944). 
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Brewing Chemists in 1938, when collaborative tests were begun on the 
Laufer method, 1 * * which is a modification of the methods of Ford and Tait* 
and of WOllmer.® Later the method of Rabak, 4 * which is a modification of 
the Walker-Has tings method,® was included in the collaborative tests. The 
two methods by Laufer and Rabak, which were found by collaborators 
to give about the same results, were then combined in order to retain the 
merits of both. After the incorporation of various suggestions by col¬ 
laborators to improve the methods, the unified method, comprising both 
physical and chemical analysis, was furnished to collaborators for use in 
the collaborative work of 1940. In view of the fairly satisfactory agree¬ 
ment in results reported by collaborators during that year it was recom¬ 
mended by the American Society of Brewing Chemists that the proposed 
method be adopted subject to slight modification pending further sugges¬ 
tions by collaborators. The complete unified methods, including sampling, 
physical examination, and chemical analysis, were recommended for adop¬ 
tion and published as tentative methods for the analysis of hops. 6 * 7 Col¬ 
laborative tests were continued in 1941, and the 18 participating col¬ 
laborators were requested to follow carefully the methods of analysis as 
published, to make comments on the various procedures, to suggest con¬ 
structive changes, and to report on modifications of the moisture, alpha 
and gamma (hard) resin determinations previously suggested by certain 
collaborators. The reports of the collaborators in the final tests indicated 
that in general the results were in good agreement and that the methods 
with certain changes in the procedure for the determination of the total 
soft and alpha resins and minor changes in other procedures were quite 
satisfactory. 

Recommended Changes in Method 

Under PHYSICAL EXAMINATION (f) Seeds (This Journal , 25, 293) insert in 
the first sentence of par. 2, after the word “hands,” “using a circulatory motion.” 
In the same paragraph after the words “nearest 0.01 gram,” p. 294, insert the follow¬ 
ing sentence: “By means of forceps remove all particles of spindles from the seed in 
the tared dish before weighing.” 

Under CHEMICAL ANALYSIS (PREPARATION OF SAMPLE), p. 294, change the 
third sentence to read: “Pass the hops evenly and slowly through the grinder, 
taking care to avoid choking the orifices and thus preventing undue heating of the 
hops.” 

Under MOISTURE, p. 294, change (3) to read, “Drying for 2 hours at a temper¬ 
ature of 103°-104°C.” Also in the first sentence of last paragraph, after the words 
“in a 70 mm. dish,” insert the following sentence: “The amount of hops and the 
dimensions of the dishes used are important for accurate results.” 


1 Laufer. 8., and Laufer, L., Am. Brewer, 71, No. 9, 27 (1938). 

1 Ford, J. 8., and Tait, A., J. Inst. Brewing, 38, 35i (1932). 

• Wfillmer, W., AUgem. Brauer~u. Hopfen Ztg., 70, 1531 (1930); J. Inst. Brewing, 37, 81 (1931). 

4 Rabak, F., Communications Master Brewers Assoc. Amer., 11, No. 2 (1938). 

• Walker, T. K. and Hastings, J. J. H., J. Inst. Brewing, 39, 509 (1933). 

• Proc. Am. 8oc. Brew. Chemists, 4th Ann. Meeting, 1941, pp. 130-139. 

7 This Journal, 25, 292 (1942). 
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Under DETERMINATION, Soft Resin* , p. 294, in the 2nd sentence in par. 1 change 
“100 ml.” to “about 100 ml.” In next to the last sentence in par. 2, p. 295, after the 
words, “Wash the paper and funnel,” insert, “thoroughly until all traces of resins 
are dissolved and.” In par. 3, line 4, p. 295, after the words “side-arm distillation 
flask,” add the words “or Soxhlet extraction flask.” Change the sentences immedi¬ 
ately following in same paragraph, p. 295, to read as follows: “Evaporate off the 
solvent by distillation on a water or steam bath at 60°C., using vacuum and driving 
off the last 5-10 ml. by applying suction to the flask while it is kept immersed in the 
water or steam bath until constant weight is attained (usually after 5 minutes). 
Weigh the flask after it has stood near the balance for 30 minutes.” Change the last 
paragraph, p. 295, to read: “Use vacuum during distillation and concentration of 
the petroleum benzin extract and drying of the residue. In place of either a distilla¬ 
tion flask or Soxhlet extraction flask, a large sized aluminum moisture dish may be 
used.” Delete the next sentence, p. 295, beginning with words “In this case”—and 
ending with words “in a vacuum oven.” Under Alpha Resins (a) Preliminary titra¬ 
tion, p. 295, in par. 1, line 3 insert after word “capacity” the words “by warning.” 
Under (b) Precipitation of alpha resin , in par. 1, line 3, after words “side-arm distilla¬ 
tion flask” insert the words “or other suitable flask.” In line 4, insert after “60°C.” 
the words “using vacuum and.” Delete the words “C0 2 and.” In line 6, same para¬ 
graph, insert words “by warming” after the word “flask.” Change the last sentence 
in par. 2, p. 296, to read as follows: “This quantity is usually sufficient to precipitate 
the alpha resin from hops having average composition of 16-19% of soft resins.” 
Change the first sentence of last paragraph, p. 296, to read as follows: “In determin¬ 
ing the alpha resin content of hops with an exceptionally high or exceptionally low 
content of soft resins, 1 or 2 ml. more or less of the lead acetate reagent will be re¬ 
quired for satisfactory results.” 

These changes in the method are all made in accordance with sugges¬ 
tions of collaborators in order to simplify and shorten the method without 
sacrificing accuracy. It was stated by some collaborators that in the de¬ 
termination of the soft and alpha resin content of hops the use of carbon 
dioxide in the distillation and concentration of the petroleum benzin ex¬ 
tracts to prevent oxidation of the resins was time consuming and that the 
same results could be obtained much more expeditiously by the use of 
vacuum for concentration. For this reason it is recommended that the 
use of carbon dioxide be discontinued. A suggested modification of the 
hard resin determination, which was recommended as a time-saver, was 
found by most of the collaborators to have no particular merit and hence 
the procedure in the determination of this resin was not changed. 

After the above changes have been made, it is recommended* that the 
revised methods, which represent four years of collaborative work and are 
generally accepted as being satisfactory and efficient, be adopted by the 
American Society of Brewing Chemists and included in the “Book of 
Methods” published by that society. 

The revised methods are also recommended for adoption as tentative 
methods for the analysis of hops by the Association of Official Agricultural 
Chemists. 


For report of Subcommittee D and action by the Aasociation, Bee This Journal, 27, 64, 83 (1944). 
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REPORT ON BREWING SUGARS AND SIRUPS 

By Stephen Laufer (Schwarz Laboratories, Inc., New York City), 

Associate Referee 

In 1942, George T. Peckham, Jr., then chairman of a subcommittee 
on brewing sugars and sirups of the American Society of Brewing Chem¬ 
ists, presented a report dealing with the composition and methods of 
analysis of com sirups. 1 The report pointed out that com sirups usually 
contain reducing sugars which include dextrose and maltose, both fer¬ 
mentable, and higher reducing polysaccharides which may not be fer¬ 
mentable. As analytical procedures Peckham recommended determina¬ 
tions of dextrose equivalent (reducing sugars calculated as dextrose) and 
of actual dextrose by a modified method of Sichert and Bleyer. 2 

This year, Philip P. Gray, the present chairman of a subcommittee on 
sugars and dextrins, reviewed the problems encountered in determina¬ 
tions of sugars and dextrins found in brewing sugars and sirups, and in 
worts and beers, in a report presented at the meeting of the Technical 
Committee of the A.S.B.C. held in May. The report stressed the impor¬ 
tance attached by brewers to the extract and fermentable extract contents 
of sugars and sirups. For determination of fermentable extract the 
A.S.B.C. developed a procedure (“Methods of Analysis of the A.S.B.C., ,, 
1940, Brewing Sugars and Sirups) which has been found to give results in 
good agreement when used by operators who had familiarized themselves 
thoroughly with the technic in question. 3 

The methods of analysis of the A.S.B.C. for brewing sugars and sirups, 
including moisture, extract, fermentable extract, and protein, which have 
been used for many years by brewing chemists with good success, 3 are 
recommended for adoption by the A.O.A.C. as tentative methods for the 
analysis of brewing sugars and sirups. 

For the determination of sugars in such products, standard methods 
for sugar analysis can be used. The results can be expressed as equi¬ 
valent of dextrose, maltose, invert sugar, or sucrose, depending on 
the nature of the product under test, whether a com sugar or a malt, 
invert or sucrose sirup. The methods are available in Methods of Analysis, 
A.O.A.C ., 1940, and proper cross references for this purpose will be worked 
out. 

The A.S.B.C. subcommittee intends to conduct collaborative work on 
the fermentation methods of Stark and Somogyi, which are applicable to 
the determination of both dextrose and maltose. 4 The results will then be 
compared with those obtained by chemical methods. 

Work is also planned on methods available for determination of dextrin 
in brewing sugars and sirups. 

1 A.S.B.C. Proceedings, 1942, 106. * Z. Anal. Ckem ., 107, 328 (1936). 

* F. P. Siebel, Jr., “Report on Malt Adjuncts,*’ This Journal , 23, 174 (1940). 

4 J. Biol Chem., 142, 619 (1942). 
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REPORT ON pH AND ACIDITY OF BEER 

By Kurt Becker (J. E. Siebel Sons* Company, Chicago, Ill.), 
Associate Referee 

During the period from March 1942 to May 1943, work was carried 
on by a subcommittee of the American Society of Brewing Chemists with 
a view toward arriving at suitable methods for the determination of pH 
and total acidity in beer and related products and materials. Some of the 
factors that might affect these determinations were investigated indi¬ 
vidually. Tentative procedures were then selected, and samples of bottled 
pasteurized beer, ale, and wort were distributed to a relatively small 
group for collaborative analyses. 

In transmitting the results of the collaborative work the Associate 
Referee again wishes to thank the following individuals and laboratories 
for their cooperation: 

Fred C. Baselt, American Can Co., Maywood, Ill. 

Erik Krabbe, Pittsburgh Brewing Co. 

B. H. Nissen, Anheuser-Busch, Inc., St. Louis 

Frank O. Rickers, The F. M. Schaefer Brewing Co., Brooklyn 

Herman K. Rosenbusch, Stroh Brewery Co., Detroit 

Edward L. Roth, The Geo. Wiedemann Brewing Co., Inc., Newport, Ky. 

Schwarz Laboratories, New York 

J. E. Siebel Sons’ Company, Chicago 

Wahl-Henius Institute, Chicago 

Wallerstein Laboratories, New York 

pH, ELECTROMETRIC 

Each collaborator was furnished some crystalline, C.P. grade acid po¬ 
tassium phthalate and instructions for preparing a fresh 0.05 M solution 
to serve for the standardization of pH meters at pH 4.00 and 20-22°C. 
Standardization against a uniform buffer has also been commented upon 
by Rosenblatt {This Journal , 26, 301). 

Instructions concerning potentiometric technic similar to those given 
by Bonnar (Ibid., 25, 973) were also issued, and restandardization of pH 
meters after any given set of determinations was requested. Above all, 
collaborators were asked to follow precisely the instructions prepared by 
the various manufacturers for the proper use of their instruments. 

In order to find out what degree of precision and correlation could be 
attained under these precautions in the measuring of pH values of rela¬ 
tively simple liquids, readings were first taken on two samples of commer¬ 
cially available, ready-to-use, liquid buffers distributed by the Associate 
Referee as “unknowns.” The corresponding results are presented in Table 
1. The agreement must be considered as very good, and the maximum 
standard deviation of 0.06 as satisfactory. 

After these preliminaries, pH determinations were made on the samples 
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Table 1 .—pH electrometric checks against “ unknown" buffers 


“hablico” no. 5 "harlbco” no. 9 

Nominal pH 4.64 7.38 


Collaborator* 



1 

4.65 

7.41 

2 

4.60 

7.30 

3 

4.69 

7.40 

4 

4.63 

— 

6 

4.65 

7.40 

Average 

4.64 

7.37 

Stand. Dev. 

0.03 

0.06 

Max. minus Min. 

0.09 

0.11 


• Collaborators 1, 2, and 4 used Beckman Model Q. Collaborator 3 used Coleman Model 3-C. Collabo¬ 
rator 5 used Coleman Model 3-D. Collaborator 6 used a Leeds & Northrop instrument. All electrode sys¬ 
tems: Glass-calomel. All instruments standardised at pH 4.00 against 0.05 M potassium add phthalate. 


of beer and ale as follows: (a) undiluted, after a more or less complete re¬ 
moval of carbon dioxide through pouring-over or shaking for 60 minutes 
at room temperature followed by filtration; and (b) diluted with water in 
the ratio of about 1 plus 9, complete decarbonation being aimed at by 
following treatment (a) with pipetting of the necessary aliquot into boil¬ 
ing water, boiling for one minute, stirring, and cooling. 

With the exception that decarbonation was, of course, unnecessary, 
similar preparatory treatments were accorded the sample of wort. 

The results obtained are shown in Table 2. 


Table 2 .—pH of beer , ale , and wort * 


BUB ALB WORT 


Preparation of sample f 
Dilution: Sample (%) 
Water (%) 

(a) 

100 

0 

(b) 

10 

90 

(a) 

100 

0 

(b) 

10 

90 

(c) 

100 

0 

(d) 

10 

90 

Collaborator 

1 

4.33 

4.45 

4.66 

4.82 

5.12 

5.43 

2 

4.40 

4.50 

4.70 

4.80 

5.00 

5.30 

3 

4.38 

4.53 

4.70 

4.86 

5.22 

5.57 

4 

4.46 

4.42 

4.75 

4.58 

5.12 

5.02* 

5 

4.21 

4.44 

4.52 

4.72 

— 

— 

6 

4.33 

4.46 

4.60 

4.73 

5.18 

5.42 

Average 

4.35 

4.47 

4.66 

4.75 

5.13 

5.43 

Stand. Dev. 

0.08 

0.04 

0.08 

0.09 

0.08 

0.11 

Max. minus Min. 

0.25 

0.11 

0.23 

0.24 

0.22 

0.27 


* See footnote under Table 1 for instruments used, 
f Preparation of sample; 

(a) Decarbonation (partial) by shaking or pouring for 60 min. at room temp., followed by filtration. 

(b) Step (a) followed by pipetting into boiling water, boiling for 1 minute, Btirring, and cooling. 

(c) Filtration only. 

(d) Filtration followed by procedure (b). 

Nora: The relatively high pH values shown by the sample of ale available for collaboration are not 
typical for this type of product. Generally, ales have pH values one to several tenths of a unit below the 
corresponding values for beers. 

X Omitted from computations. 
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All things considered, the agreement can be judged to be fairly satis¬ 
factory. Increased numerical pH values as the result of dilution are 
shown. For observations and comments on this effect see also Rohde, 
{This Journal , 25, 270), Bollinger (Ibid., 412), and others. 

In evaluating the data in Table 2 and subsequent tables, allowance 
must be made for the fact that the number of determinations in any given 
series is insufficient to justify statistical treatment of the results. With 
this reservation, “average” and “standard deviation” values have, never¬ 
theless, been computed as a matter of convenience. 

pH, COLORIMETRIC 

While no claims for precision can be made for the colorimetric proce¬ 
dure of determining pH, it nevertheless offers certain advantages as a 
non-standard method, the simplicity and reliability (provided some ele¬ 
mentary precautions are observed) of which appeal to the analyst inex¬ 
perienced in potentiometric technic or lacking that type of apparatus. 
Such considerations led to the request that colorimetric pH determina- 

Table 3. —pH colorimetric checks against “unknown” buffers* 

“harlkco” no. 5 “harleco” no. 9 

Nominal pH 4.64 7.38 


Collaborator 


2 



4.5 


7.3f 


3 



4.5 


7.4f 


6 



4.7 


7.5t 


Average 



4.57 


7.40 


* An S.D.C. colorimeter was used by Collaborators 2 and 3. A Taylor colorimeter was used by Col¬ 
laborator 0. 

t Results obtained with phenol red as the indicator. For all other results, the indicator used was bromo- 

cresol green. 








Table 4.— 

-pH of beer, ale, and wort * 




BEER 


ALK 


WORT 

Preparation of Sample 

(a) 

(b) 

(a) 

(b) 

(C) 

(d) 

(For explanation see 
Table 2) 







Dilution: Sample (%) 

100 

10 

100 

10 

100 

10 

Water (%) 

0 

90 

0 

90 

0 

90 

Collaborator 







2 

4.2 

4.4 

4.6 

4.7 

4.9 

5.2 

3 

4.3 

4.5 

4.7 

4.8 

5.2 

5.at 

a 

4.3 

4.4 

4.65 

4.65 

5.2 

5.3 

Average 

4.27 

4.43 

4.65 

4.72 

5.10 

6.37 

Average, electrometric 

4.35 

4.47 

4.66 

4.75 

5.13 

5.43 


(From Table 2) 


* See footnote under Table 3 for instruments used. ..... , . 

t Results ob tained with ehlorophenol red. For all other results the indicator used was bromocreaol 
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tions be included in the collaborative work. Unfortunately, only three col¬ 
laborators responded. Their results for the “unknown” buffers as well as 
the samples of beer, ale, and wort are given in Tables 3 and 4. 

On the basis of the very limited number of determinations, the results 
appear to be in surprisingly good agreement, among themselves as well as 
when compared with the corresponding values obtained electrometri- 
cally. Considering the possibilities for error in the latter procedure, the 
Associate Referee is inclined to the belief that the inadequacies of the 
colorimetric procedure are sometimes exaggerated. Reasonably fresh color 
standards, proper selection of indicators, absence of color interference, 
and cleanliness of utensils are, of course, essential. 

TOTAL ACIDITY BY INDICATOR TITRATION 

Because of previous experiences indicative of the difficulties in the way 
of obtaining concordant results when determining the acidity of beer 
with an inside indicator in the usual manner, collaborators were particu¬ 
larly cautioned to adhere uniformly to the specific instructions issued 
governing the preparation and dilution of the samples (see under “pH, 
Electrometric,” above) and the details of titration. The use of 0.5 per 
cent phenolphthalein at the rate of 0.2 ml. per 100 ml. of “10%” diluted 
sample was prescribed. The first change in color toward a faint pink, 
judged by comparison with a reference sample identically handled except 
for the omission of the indicator, was designated as the end point. At the 
completion of the titration, the pH corresponding to this end point was 
determined electrometrically. 

While the practice of reporting acidity in beer as “% lactic acid,” has 
become firmly established in American brewing, the results of the col¬ 
laborative work were expressed in terms of the ratio “standard alkali 
consumed per size of sample titrated.” This follows European usage and 
takes cognizance of the fact that, in all probability, lactic acid plays only 
a very minor role in beer acidity. 

The values obtained for total acidity and pH at the phenolphthalein 
end points are grouped in Table 5. 

About the only satisfaction that can be found in these results is the 
close agreement (perhaps accidental) in the average pH values for the 
end points in all three sets of titrations, namely 8.21, 8.19, and 8.23. How¬ 
ever, this agreement is largely nullified by the divergence among indi¬ 
vidual results, which show standard deviations of 0.16-0.20, and maxi¬ 
mum minus minimum spreads of 0.39-0.55, again illustrating the diffi¬ 
culties, in spite of all precautions taken, inherent in judging phenol¬ 
phthalein end points when titrating liquids such as beer. 

The lack of agreement is even more evident in the acidity values, which 
show standard deviations of 0.26-0.31 ml. of 0.1 N sodium hydroxide per 
25 ml. sample, and spreads of 0.65-0.90 between maximum and minimum 
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results. Such discrepancies, amounting to as much as 25 per cent, are un¬ 
acceptable to the industry, which expects results to be reproducible with 
an error not exceeding 5-7 per cent for this determination. 

A study of Table 5 shows furthermore that the lack of agreement can¬ 
not be attributed wholly to individual differences in judging the end 
point, since high acidity is not always reported where the pH of the end 
point is correspondingly high. For example, both Collaborators 1 and 2 
titrated the ale to pH 8.30, but found acidities of 3.53 and 4.00, respec- 


Table 5. —Colorimetric titration of total acidity in beer , ale t and wort } and pH at 

phenolphthalein end point 




BEER 


ALB 

WORT 

Preparation of Sample 


(b) 


(b) 

(d) 

(For explanation see 






Table 2) 






Dilution: Sample (%) 


10 


10 

10 

Water (%) 


90 


90 

90 



FINAL 


FINAL 

„ FINAL 


ACIDITY* 

pH 

ACIDITY* 

pH 

ACIDITY* TT 

pH 

Collaborator 






1 

4.15 

8.25 

3.53 

8.30 

3.88 8.25 

2 

4.80 

8.40 

4.00 

8.30 

4.30 8.30 

3 

4.28 

8.24 

3.20 

8.07 

4.00 8.29 

4 

4.31 

7.97 

3.54 

8.00 

4.33 7.87 

5 

4.20 

7.98 

3.40 

8.06 

3.60 — 

6 

4.70 

8.45 

4.08 

8.39 

3.84 8.42 

7 

4.70 

— 

4.10 

— 

3.70 — 

Average 

4.45 

8.21 

3.69 

8.19 

3.95 8.23 

Stand, dev. 

0.26 

0.20 

0.36 

0.16 

0.31 0.20 

Max. minus Min. 

0.65 

0.48 

0.90 

0.39 

0.73 0.55 


* Acidity expressed as ml. of 0.1 N NaOH/25 ml. of beer, ale, or wort, using 0.5% phenolphthalein 
indicator at the rate of 0.2 ml./lOO ml. of diluted sample, and titrating to appearance of first pink color. 


tively; and, in the case of the sample of beer, Collaborator 4 titrated to 
pH 7.97, but found a higher acidity, namely 4.31, than Collaborator 1, 
who titrated to pH 8.25 for an acidity of only 4.15. 

In this connection, mention can be made of the fact that various col¬ 
laborators and investigators have, at different times, reported pH values 
for the phenolphthalein end point in beer titration varying from 7.9 to 
9.1, depending upon conditions, particularly the concentration of indica¬ 
tor and degree of dilution, if any, of the sample. For 10 per cent dilution, 
and using 0.5 per cent phenolphthalein at the rate of 0.2 ml. per 100 ml. of 
diluted sample, the preferred range seems to lie between pH 8.2 and 8.6, 
inviting, of course, closer definition. 

Confronted with unsatisfactory agreement, some of the collaborators 
made numerous determinations. These revealed another disturbing ele¬ 
ment, namely erratic results from different bottles of the same sample, 
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suggesting that perhaps acidity and pH might be affected by traces of 
alkali progressively introduced from the walls of bottles subjected to 
repeated washing with caustic soaker solutions. 

Further work is required to clarify the situation. 

ACIDITY BY POTENTIOMETRIC TITRATION 
One would expect that the potentiometric technic would avoid the 
drawbacks of colorimetric determination of acidity. However, the study 
of data furnished by the six collaborators who found it possible to con¬ 
duct potentiometric titrations makes it very clear that attention to detail 


Table 6.— Points of inflection on potentiometric acidity curves 


APPARENT POINTS OF INFLECTION* 


SAMPLE 

CONCENTRATION — 

per cent 

COLLAB. 

AT pH— 

COMMENTS ON SHAPE OF 

DIFFERENTIAL CURVES 

Beer 

10 

A 

8.25 

fairly definite 


10 

B 

7.82, 8.30 

fair, but ambiguous 


10J 

D 

8.18, 8.48, 8.77 

unsatisfactory 


50 

C 

8.3 

very definite 


100 

B 

7.02, 7.33 

unsatisfactory 


5 

. E 

6.40, 8.25 

erratic 

Ale 

10 

B 

7.82 

definite 


10 

D 

8.13 

fair, but very flat 


100 

B 

7.72 to 7.94 

very flat, hardly satisfactory 


50 

C 

8.2 

very definite 

Wort 

10 

A 

8.10, 8.43, 8.89 

erratic, ambiguous 


10 

B 

7.93, 8.46 

erratic, hardly satisfactory 


50 

C 

8.4 

quite definite 


100 

B 

7.85 

fair, but very flat 


10 

D 

8.13 

ambiguous, erratic 


* Ascertained from the original titration data, and representing pH values where the ratio 
was a maximum. 

Not®: Collaborator E titrated with 0.01 N, all others with 0.1 N alkali. 


A pH 

A alkali added 


and familiarity with technic are prerequisites for realizing such expecta¬ 
tions. 

In potentiometric work, one has the choice of two ways of defining the 
“end point”: by accepting the titer corresponding to the point of inflec¬ 
tion, most conveniently found by plotting the differential curve (showing 
ratios of “increment in pH” to “increment of alkali added”), or by titrat¬ 
ing to a selected, fixed pH value. 

From the viewpoint of the first of these two criteria, Table 6 presents 
excerpts from the potentiometric data, showing the points of inflection 
determined by calculation from the original titration data of the various 
collaborators. These values cover a range from pH 6.40 to 8.89. Obviously, 
the readings from some of the titrations were such as to make the deter¬ 
mination of points of inflection practically impossible. The generally un- 
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satisfactory nature of this compilation, notwithstanding, there is en¬ 
couragement in the fact that one collaborator, known to be particularly 
proficient in details of potentiometric technic, was able to obtain non- 
ambiguous, definite differential curves, and from them points of inflection 
within the relatively narrow range of 8.2-8.4. 

It is to be noted that all but one collaborator titrated with 0.1 N solu¬ 
tions. Greater accuracy from the use of 0.01 Absolutions has been pointed 
out by Rohde (toe. cit.) and by Nissen and Thompson. 1 

The data were also interpreted from the second criterium by interpolat¬ 
ing the titers to a fixed pH, chosen more or less arbitrarily as 82. (Table 7). 


Table 7. —Acidity titrated potentiometrically to pH 8.2 


B AMPLE CONCENTRATION 

COLLABORATOR 

ACIDITY, ML. 0.1 ALKALI/ 

25 ML. SAMPLE, TO pH 8.2* 


per cent 



Beer 

10 

A 

4.08 


10 

B 

4.40 


10 

D 

4.50 


100 

B 

4.61 

Ale 

10 

B 

4.06 


10 

D 

4.13 


100 

B 

4.38 

Wort 

10 

A 

3.68 


10 

B 

4.61 


10 

D 

3.48 


100 

B 

4.58 

* From the original titration data, interpolated where necessary. 

Note: The much higher acidity values of wort obtained by Collaborator B must be considered in the 
light of possible spoilage, in spite of the fact that the samples were double-pasteurised. 


Again, there is room for improvement as regards reproducibility of re¬ 
sults, even if the sample of wort analyzed by Collaborator B is omitted 
from consideration. 

In the course of the collaborative work, some studies were also made of 
methods for decarbonating beer in preparation for pH and acidity deter¬ 
minations by vacuum and aeration. Effects of varying the boiling time, 
concentration of sample, and concentration of indicator were also ob¬ 
served. These are commented upon in the 1942 and 1943 (mimeographed) 
Reports of the A.S.B.C. Subcommittee on Acidity and pH. 

GENERAL OBSERVATIONS 

As regards pH, its inclusion in the analysis of beer and wort is of sig¬ 
nificance with respect to whether or not proper hydrogen-ion concentra¬ 
tion for enzyme action prevailed in the mash; it reflects certain character¬ 
istics of the yeast used in wort fermentation, gives warning of possible 


1 Wallerstein Laboratories Communications, 6, 111, No. 18, August 1493. 
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deterioration of the finished product, and allows some predictions as to 
expected biological and protein stability. Broadly speaking, pH values 
also distinguish between certain types of beer, ale, etc. 

From experience gathered to date, there appears to be no serious detri¬ 
ment to establishing suitable, reliable methods for determination of pH 
in beer, etc., but some details of procedure remain to be standardized. Both 
electrometric and colorimetric procedures merit consideration in this con¬ 
nection. 

The inclusion of acidity values in the analyses of beer and wort is tra¬ 
ditional, and indicated for reasons similar to those mentioned above in 
relation to pH. Incidentally, it is well to bear in mind that, because of 
differences in chemical composition, different beers often fail to show 
correlation between acidity and pH values, i.e., relatively low pH may 
accompany high acidity and vice versa. 

The complex nature of beer acidity has been pointed out by numerous 
investigators. Recently Nissen and Thompson confirmed the concept that 
phosphates play a predominant role in beer acidity by comparing poten- 
tiometric curves of beer with those of solutions of maltose (1.5 per cent), 
dextrin (2.2 per cent), lactic acid (0.15 per cent), and phosphoric acid 
(0.15 per cent). At the risk of slight exaggeration, one might say that the 
term “acidity” with respect to beer is a misnomer, since the operations 
surrounding its determination really constitute a measuring of the buffer¬ 
ing capacity. 

The Associate Referee is not ready at this time to make recommenda¬ 
tions regarding methods for determining acidity and pH in beer. 


REPORT ON SULFUR DIOXIDE IN BEER 

By L. V. Taylor (Research Department, American Can Company, 
Maywood, Ill.), Associate Referee 

A previous paper by the Associate Referee (This Journal, 23, 189) 
showed that the Monier-Williams method, with slight modifications, 
yielded reliable and reproducible results for the determination of sulfur 
dioxide in malt beverages. The results of this collaborative work and the 
results of an earlier investigation of sulfur dioxide methods for beer and 
wine (Ibid., 20, 610) led to the Associate Referee’s recommendation that 
the modified Monier-Williams method be adopted by the Association for 
the determination of sulfur dioxide in malt beverages. This recommenda¬ 
tion was accepted, and the method now appears as official (first action) in 
Methods of Analysis , A.O.A.C., 1940, 154. 

Prior to final acceptance it was considered advisable to subject the pro¬ 
cedure to further study. This report, therefore, deals with an investigation 
and comparison of other methods that have appeared in the recent litera- 
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ture with the A.O.A.C. procedure. The actual investigational work was 
carried out by E. D. Sallee in the Food Analysis Laboratory of the 
American Can Company Research Department. In addition to the 
A.O.A.C. procedure the methods studied were: (a) direct titration meth¬ 
ods adapted from work by Bennet and Donavan 1 on citrus juices and sug¬ 
gestions taken from an article by Mapson 2 describing his work on ascorbic 
acid assays in the presence of sulfur dioxide; (b) a steam distillation pro¬ 
cedure adapted from a method employed by Kirkpatrick 3 in his work on 
ascorbic acid and sulfur dioxide in fruit juices; and (c) the Nissen-Peter- 
sen 4 modification of the Monier-Williams method. 

Direct Titration Methods .—Attempts were made to devise a direct io¬ 
dine titration procedure that would be applicable for sulfur dioxide meas¬ 
urement in beer. Such a procedure would necessarily entail the use of at 
least two titrations: First, the titration of total reducing substances in¬ 
cluding sulfur dioxide; and, second, the titration of the natural reducing 
substances after the sulfur dioxide has been eliminated by evolution or by 
formation of some compound that does not react with iodine. The differ¬ 
ence between the two titrations represents the sulfur dioxide measure¬ 
ment. In the Associate Referee's laboratory several variations of technic 
were tried, none of which was successful. It was endeavored to measure 
the total iodine reducing power in samples of beer acidified with hydro¬ 
chloric or sulfuric acid and in beer treated with an excess of sodium 
hydroxide and, after standing for various lengths of time up to 30 minutes 
in a sealed vessel, subsequently acidified and titrated immediately. Like¬ 
wise, attempts were made to titrate the natural reducing substances alone 
after evolution of the sulfur dioxide by acidifying followed by agitating or 
boiling and sweeping with carbon dioxide. Attempts were also made to 
estimate the natural reducing substances in the beer after the sample had 
been treated with sodium hydroxide, acetone, and then an amount of 
sulfuric acid equivalent to the alkali employed. The concentration of ace¬ 
tone, as well as the pH of the mixture after sulfuric acid addition, was 
varied over a considerable range in an effort to strike a suitable combina¬ 
tion for the optimum formation of the sulfur dioxide-acetone compound. 
In all cases the titrations were unsatisfactory because no definite repro¬ 
ducible starch-iodine end point could be obtained. 

The sulfur dioxide content normally found in present commercial beers 
is so low that a large sample must be used in order to deal with sufficient 
sulfur dioxide to titrate. In the six brands of beer tested the iodine used 
by the reducing substances was at least ten times greater than the iodine 
needed for titration of the sulfur dioxide alone. With such a high “blank” 


i Analyst. 68, 140 (1043). 

* Siochem. J„ 36, 196 (1042). 

» J. Soc. Chem. Indus. Trans., 60, 226 (1941). 
< Ini. Eng. ChemAnal. Ed., 15, 129 (1943). 
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titration the end point would have to be very sharp and clearly defined in 
order to obtain any reasonable degree of accuracy. Experience in this 
laboratory and consideration of the nature of present commercial beers 
indicate that direct iodine titration procedures are not feasible for sulfur 
dioxide determinations. 

Steam Distillation. —The steam distillation technic tried was practically 
the same as that used by Kirkpatrick* for the determination of sulfur 
dioxide in citrus juices. The apparatus used differed only in the size of the 
Kjeldahl flask used for the sample container. In Kirkpatrick’s work a 10- 
26 gram sample contained in a 100 ml. Kjeldahl flask was steamed and 
swept with nitrogen for a total of 7-8 minutes, which absorbed the sulfur 
dioxide in three per cent hydrogen peroxide. Owing to the low concentra¬ 
tion of sulfur dioxide in the beer tested in this work it was necessary to 
use a 300 ml. sample acidified with 20 ml. of hydrochloric acid contained 
in a 750 ml. Kjeldahl flask. The distillation and sweeping were carried on 
for as long as 90 minutes or until the condensed steam filled the sample 
flask. In all instances the results were variable and were less than 25 per 
cent of the values found by the A.O.A.C. procedure. 

Nissen-Petersen Modification of Monier-Williams Method. —This modi¬ 
fication involves essentially the manner of neutralizing the peroxide solu¬ 
tion and subsequent titration of the absorbed sulfur dioxide. In the 
Nissen-Petersen technic the peroxide is neutralized to a pH of 4.0 by po- 
tentiometric titration with sodium hydroxide solution and, after absorp¬ 
tion of the sulfur dioxide, again titrated to a pH of 4.0 electrometrically 
with 0.01 N sodium hydroxide. The peroxide may be prepared rapidly and 
is ready for immediate use. 

In the A.O.A.C. procedure the peroxide is prepared by neutralization 
to the bromophenol blue end point with barium hydroxide solution and 
the sulfate originally present is removed by precipitation and filtration. 
The presence of excess barium ion in the peroxide after this treatment 
leads to a negative error in the volumetric estimation of approximately 
0.3 mg. of sulfur dioxide. 

Six samples of beer representing six different brands were obtained 
locally, and sulfur dioxide determinations were made both volumetrically 
and gravimetrically by the two procedures. The values obtained are 
shown in the table. Analyses were made simultaneously in order to be 
sure that the samples were identical at the time of analysis. Each value is 
the average of duplicate determinations and has been corrected for the 
blank determination. The data presented show that the two methods agree 
veiy well. As Nissen and Petersen pointed out, when the peroxide is neu¬ 
tralized with barium hydroxide, due to excess barium ion, the volumetric 
results are in general slightly lower than the gravimetric checks. In the 
experience of the Associate Referee, however, the error is no greater than 
the variations between duplicate samples. In the more reliable gravimetric 
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technic the estimation of sulfur dioxide is not affected by the modification 
except that the sulfuric acid originally present in the peroxide is not re¬ 
moved, thus causing a variable and higher blank than when the A.O.A.C. 
procedure is used. Blank determinations were made in each method for 
every new lot of peroxide employed. The gravimetric blank determina¬ 
tions for the peroxide neutralized by the Nissen-Petersen procedure were 
equivalent to 1.1-4.2 mg. of sulfur dioxide per liter of beer; while those for 
the A.O.A.C. technic were constant and equivalent to (K7 mg. of sulfur 
dioxide per liter. Although the modification has a possible advantage of 
time saving and greater precision in the volumetric estimation of sulfur 
dioxide, the accuracy of the more reliable gravimetric check is not im¬ 
proved and in many cases it may be endangered. 

The accuracy and reproducibility of the present A.O.A.C. method for 
the determination of sulfur dioxide in beer have been demonstrated. On 
the basis of past experience, investigations of other available methods for 
the determination, and the difficulty in preparation and delivery of sam¬ 
ples of a known sulfur dioxide content, the Associate Referee considers 
that further collaborative study is unwarranted. It is recommended, 
therefore, that the method as it appears in Methods of Analysis , A.O.A.C., 
1940, 154, be made official (final action) and that work on the problem 
be discontinued. 

Comparison of Nissen-Petersen method with A.O.A.C. procedure for determination 

of SOt in beer ( mg . SOt/l.) 


BRANDS OB 

NISSEN-PETERSEN MODIFICATION 

A.O.A.C. 

PROCEDURE 

COMMERCIAL BEER 

VOLUMETRIC 

QRAVIMETRIC 

VOLUMETRIC 

GRAVIMETRIC 

A 

8.2 

6.3 

7.6 

7.2 

B 

5.3 

5.2 

4.9 

5.6 

C 

16.2 

13.5 

13.2 

13.5 

D 

3.4 

3.6 

3.1 

3.5 

E 

25.8 

* 24.4 

23.3 

24.5 

P 

0.7 

0.2 

0.0 

0.5 

A -f57.7 mg.SOg/L 

65.3 

66.4 

63.5 

65.4 


REPORT ON COLOR AND TURBIDITY IN BEER AND WORT 

By B. H. Nissen (Brewery Division, Anheuser-Busch, Inc., 

St. Louis, Mo.), Associate Referee 

During the past several years, the Associate Referee has acted as chair¬ 
man for both the color and the turbidity committees for the American 
Society of Brewing Chemists. In this work he has tested not only the cus¬ 
tomary Lovibond method for color, but also such other methods as were 
found to be recommended for the color determination of beer. 

In addition, during 1942, extensive study was made on the use of 
photoelectric instruments for the measurement of color, which resulted 
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in a paper entitled “Color and Turbidity in Beer and Wort.” 1 These 
photoelectric measurements revealed that in most color work it, is neces¬ 
sary to consider turbidity unless the solution examined is brilliantly clear. 
Accordingly, an attempt was made to work out a photoelectric method 
whereby both color and turbidity could be determined at the same time. 
By the use of certain types of instruments, such as the colorimeter used 
in these experiments, the Cenco-Sheard-Sanford photelometer, it was ob¬ 
served that reproducible curves could be prepared from which the color 
and turbidity could be obtained. This work, with summary, is given in de¬ 
tail in the paper. 1 

At present, the Lovibond Tintometer, with Lovibond glasses, series 
No. 52, and a Y cell is the official A.S.B.C. method for color in beer. 
After extensive investigation by the committee on this well-known and 
widely used type of tintometer, it was found that the slides of this instru¬ 
ment vary a great deal. In many instances discrepancies were found be¬ 
tween glasses marked to read the same. For example, in the following two 
sets of Lovibond glasses, series No. 52, compared with the most recently 
obtained set of standards, wide discrepancies appear, as indicated in the 
table below. 


Duplicate Lovibond Glasses 


STANDARD MARKED TO READ— 

1.5 

2 

3 

5 

6 

7 

8 
9 

16 


ACTUAL READING, 1ST SET 

{i 

3.25 

5.25 

5.50 

6.50 

7.50 
9.0 

16 


ACTUAL READING, 2ND SET 
2.1 
0.9 
1.8 
2.9 

4.5 

5.6 

6.5 

7.5 

8.5 
15 


Not only were these slides inaccurate, as indicated in the table, but the 
duplicate slides were found not to agree with each other, especially in the 
lower values, which is the range most often used for the color of beer. 

It was also noticed, for example, that several of the fractional slides 
were so inaccurate as to make their use very questionable. In another in¬ 
stance, one slide of a particular value appeared brighter in color than an¬ 
other of a slightly lower value. Furthermore, any practice of superimpos¬ 
ing fractional slides over each other to obtain desired readings tended to 
give a grayer cast in color, due no doubt to the reduced transmission of 
light. These and other variations appeared to exist both in the newer 
slide type Lovibond tintometer, as well as in the older models even with 


1 Proc. Am. Soc. Brew. Chemuts, May 25-27, 1942. 
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the most generally accepted light sources, many of which were examined. 
Since no better method seems to be available, however, the Lovibond 
tintometer continues to be the accepted and official method for color 
work in the brewing and malting industry. 

Other methods suggested for color consist of matching solutions such as 
iodine or special dyes. The iodine solution used consists of 0.01 N iodine 
diluted in water in a series from 1 to 50 ml. Photoelectric examination 
of these iodine solutions indicates that concentrations above 6 ml. per 
100 ml., equivalent to approximately 4.25° Lovibond, match the beer 
quite closely, but that in concentrations below the 6 ml. per 100 ml., the 
color varies increasingly from that of beer, becoming greener in shade. 
For greater permanence iodine color standards must be kept hermetically 
sealed and away from the light. Even then, they tend to change. 

Several types of dye solutions were tested out, namely, the Brand dye, 
the American Public Health Color Standards, and the Cobalt-Iron-Cop- 
per Pharmacy Colors. Difficulties resulted, however, in the selection of 
suitable colors and proper matching for all types of beer and wort. Effort, 
of course, was directed towards finding a suitable mixture covering most 
of the beers and worts usually encountered. Of all the color standards 
prepared in this manner, those employing the inorganic salts seemed to 
offer the most hope. It appeared that reproducible sets of such standards 
could be prepared once the initial intensity series had been worked out. 
However, it was observed that a progressive intensity series could not be 
used. Each standard of the series had to be prepared separately, and 
consideration given not only to the overall intensity change, but also to 
changes in the relative proportions of one color to another in the mixture. 
This naturally involves an enormous amount of detail preparation. 

Recently efforts have been directed towards preparing fairly permanent 
standards by using the Brand dyes prepared in accordance with the meth¬ 
od suggested in the following turbidity discussion. These standards are 
more permanent than the iodine standards and more easily prepared. 

The aim, however, should be to develop some type of photoelectric 
colorimeter that might serve to register accurately the color of beer and 
wort, and thus eliminate the ever present uncertainties experienced with 
the human element, as well as the discrepancies referred to previously 
from use of present color methods. 

It was soon observed that it would also be desirable to give considera¬ 
tion to turbidity. No standard method for turbidity has yet been accepted 
as official by the A.S.B.C., but the committee has worked out and pre¬ 
pared a recommended method independent of the photoelectric procedure 
referred to earlier. Studies of the keeping qualities of beers and other 
malted beverages under varying conditions of storage and temperature 
are valuable. If a standard procedure for measuring turbidity like the fol¬ 
lowing were used, instead of the indefinite designation of “haziness” or 
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“cloudiness,” it would be possible to have numerical data from many 
sources available for comparative purposes. 

Preliminary work was confined to the study of the relative merits of 
methods now in use and to a determination of the value and reproducibil¬ 
ity of turbidity measurements by the most generally used methods, which 
usually employ suspensions of fullers’ earth and water. A method for 
turbidity measurement, as well as standards of low turbidity, was pre¬ 
pared. This method is somewhat similar to the method used for water 
analysis by the American Public Health Association, and consists of dis¬ 
persions of fullers’ earth in water arranged in series from 0 to 50 p.p.m. 
The following is a description of the method now recommended. 

DETERMINATION OF TURBIDITY 

Match the haziness of the beer sample in a wide-mouthed bottle against a set of 
standard bottles made up to definite turbidities such as the following, 0, 1, 2, 4, 6, 
8, 10, 12, 15, 20, 30, 40, 50, and 100 p.p.m. turbidity. 

Make the comparison by holding the standard bottle and the sample at arm's 
length, sighting toward a good light, north daylight preferred, and focusing on a 
black horizontal band such as a metal frame of a window. Shake the standard sample 
just before matching. Immerse the sample and standard in water to which a drop or 
two of a suitable wetting agent has been added, which effectively removes the 
sweating that occurs if the sample is cold. (The matching of the clouding effect 
against the dark band is the result desired. After a little practice, various operators 
read in close agreement. Values between the standards can be interpolated.) 

This method is advantageous in that turbidities at any temperature, 
either cold or warm, can be taken quickly, before the turbidity changes. 
The 16 oz. bottle allows a complete 12 oz. sample to be taken at one time, 
and permits shaking and mixing, as a sediment is often present at the bot¬ 
tom. 

The bottles used are regular 16 fluidounce, wide-mouthed, square type, 
tall, clear, glass sample bottles, 2£ /r X2£'X5|' to the shoulder. The liquid 
is colored with a mixture of dyes to approximate the average color of beer. 
Mercuric chloride is added as a preservative. The final turbidity standards 
are prepared from a standardized 100 p.p.m. mixture. The bottles are 
well filled and closed with screw caps. New standards should be made up 
about once a month, as the standards tend gradually to become more tur¬ 
bid and therefore inaccurate, especially at very low turbidities. 

The preparation of the 100 p.p.m. stock solution is as follows: 

Mix 1 teaspoonful of Pears White Precipitated Fullers' Earth, A & F Pears, Ltd., 
London, with 1.5 liters of distilled water and stir five times in 24 hours. Carefully 
pour off the supernatant liquid to eliminate the coarse material that settles out. Then 
dilute this suspension to 100 p.p.m. turbidity, using the government candle method 
and equipment (Jackson turbidimeter, etc.). Then make up the standard bottles 
from this 100 p.p.m. suspension. 

To distilled water in a 500 ml. volumetric flask, add the quantity of 100 p.p.m. 
turbidity suspension required, approximately 5 ml. of filtered Brand dye solution, 
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and 5 ml. of saturated HgCI*. Make up to mark. Prepare aliquot dilutions for the 
desired p.p.m. standards. 

To simulate the color of beer add the required amount of Brand dye solution. 
Prepare this solution as follows: 

gram gram 

0.05 Patent Blue V. A.0.12 Resorcin Brown G 

0.20 Amaranth W N.0.80 Tartrazine C. Extra 

(These dyes were secured from General Dyestuff Corp., Chicago, Illinois.) 

Dissolve these dyes in 20% ethyl alcohol in a liter flask and then dilute to 1 liter 
with 20% alcohol. (It may be necessary to vary the concentrations of each dye 
slightly to match any particular sample.) 

This procedure has worked out very well for all the usual turbidity 
measurements, and it suffices fairly well with certain precautions in prepa¬ 
ration and with monthly renewals to compensate for change in values 
with age. 

In the comparison of turbidity values, however, with the photoelectric 
procedure described 1 some differences have been observed due to type of 
turbidity. Ordinarily by far the greater number of turbidity comparisons 
in the case of beer and wort examination fall under the protein type, but 
some instances of dextrin turbidity resulting from frozen beer, and yeast 
turbidity due to fermentation are encountered. 

When such turbidities are compared with standards prepared with 
fullers’ earth, it is found that the protein turbidities appear to give good 
agreement, both in the visual as well as by the photoelectric procedure. 
The dextrin and yeast turbidities, however, seem to give lower readings 
with the photoelectric method for the higher turbidity values, and higher 
readings for turbidity values in the neighborhood of 5-10 p.p.m. as com¬ 
pared with the visual procedure. Just what effect this slight variation will 
have on a method of this kind would have to be determined. Other than 
this, the method seems to be quite workable, and has proved valuable in 
many tests. 

Additional experimentation has been conducted with samples of 
KWKSol Bentonite (American Colloid Company) as the turbidity sus¬ 
pension. After preliminary preparation and settling out of the coarser 
particles, it appears that the standards prepared from this material re¬ 
main stable for much longer periods than those prepared from fullers’ 
earth. This particular grade of Bentonite has the property of not caking 
or balling as much in suspension as regular Bentonite of the Volclay type, 
although the latter may even be of much finer particle size. 

As the matter now stands, the accepted method for color is the Lovi- 
bond procedure, while for turbidity, the above procedure is being recom¬ 
mended. As mentioned previously, however, an effort is being made to 
combine these two procedures in a photoelectric method. 
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REPORT ON CEREAL FOODS 

By V. E. Munsey (Food and Drug Administration, Federal Security 
Agency, Washington, D. C.), Referee 

No report was published by the Referee in the 1942 Journal of the As¬ 
sociation. Three reports were published by associate referees: Collatz, 26, 
107, on electrolytic methods for the determination of hydrogen-ion in ce¬ 
real products; Etheredge, 26, 214, on the determination of starch in cereal 
products; and Walker, 26, 305, on methods for moisture and fat by acid 
hydrolysis on fig bars and raisin-filled crackers. The recommendations of 
the Referee on these three papers are included in this report. 

Attention is directed to the recommendation for appointment of an 
associate referee to conduct studies on the qualitative and quantitative 
methods for the determination of bromates in bromated flour and bro- 
mated whole wheat flour. 

E. G. Bayfield has called attention to the possible value of the applica¬ 
tion of apparent viscosity measurement to the entire range of flour in 
this country. Since the present official method may need modification for 
the high protein flours it is recommended that an associate referee be ap¬ 
pointed to study this subject. 

Most of the associate referees have neither reported nor submitted any 
comments. Associate Referee Harris has published a number of papers 
recently on quality study showing relationship between durum wheat and 
finished macaroni, but has nothing definite to present on the identifica¬ 
tion of the type of raw materials used in macaroni. Associate Referee Tay¬ 
lor reports some progress on the formulation of methods for ether extract 
and crude fiber in soybean flour among members of the soybean industry. 

A rapid method for the determination of tartrazine in macaroni prod¬ 
ucts (This Journal , 26, 95), should be included following the procedure 
for color in macaroni products, p. 237, Methods of Analysis , A.O.A.C., 
1940). 

The following recommendations are based on the work of the associate 
referees: 

RECOMMENDATIONS* 

It is recommended— 

(1) That the method for the determination of iron on which collabora¬ 
tive work was reported by the referee be adopted as tentative (This Jour¬ 
nal, 27, 86), and that study be continued and conference held with other 
referees studying methods for iron. 

(2) That the method for the determination of calcium in cereals on 
which collaborative work was reported by the Referee be adopted as 
tentative (Ibid., 87), and that study be continued. 


For report of Subcommittee D and action by the Association, see Thu Journal, 27, 66, 85 (1044). 
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(3) That the study of methods for the detection and determination of 
rye flour in rye bread and mixtures of cereal flour be continued. 

(4) That the electrometric procedure for the determination of hydro¬ 
gen ion concentration in cereal products (Ibid., 26,109) be adopted as ten¬ 
tative, and that study be continued. 

(5) That the Hopkins revision of the Mannich-Lenz procedure for the 
determination of starch in cereals submitted to collaborators by the asso¬ 
ciate referee this year be adopted as tentative (Ibid., 27, 87), and that 
studies on the determination of starch be continued. 

(6) That further study be given to the determination of acidity of fat 
in grain, flour, com meal, and whole wheat flour and to the correlation of 
this factor with unsoundness. 

(7) That further studies be made of the determination of reducing 
and nonreducing sugars in flour by the method given in section 20, p. 215 
of Methods of Analysis, A.O.A.C., 1940, and of its application to the de¬ 
termination of sugar in bread and other cereal products. 

(8) That the study of the tentative method for the determination of 
benzoyl peroxide in flour (Ibid., 44, 223) be continued. 

(9) That studies be continued on methods for the determination of 
available carbon dioxide in self-rising flour containing added calcium car¬ 
bonate. 

(10) That methods for the determination of lactose in bread (This 
Journal , 25, 630) be further studied. 

(11) That the tentative method for the estimation of milk fat in bread 
(Methods of Analysis , A.O.A.C., 1940, 65, 229) be further studied. 

(12) That the methods proposed by the associate referee for the deter¬ 
mination of proteolytic activity of flour be further studied. 

(13) That a study be made of the applicability of methods in the chap¬ 
ter on wheat flour to the determination of moisture, ash, protein, crude 
fiber, and ether extract in soybean flour. 

(14) That studies be made of the detection and determination of soy¬ 
bean flour in cereal products by immunological methods or other suitable 
means of estimation. 

(15) That studies of the determination of added inorganic materials in 
phosphated and self-rising flours be continued. 

(16) That the methods referred to in This Journal , 25, 83-84, for the 
determination of unsaponifiable matter and sterols in noodles be studied 
to determine their applicability to other foods containing eggs. 

(17) That studies of methods for the determination of albumin nitro¬ 
gen in noodles and other farinaceous egg-containing products be con¬ 
tinued. 

(18) That methods for the determination of moisture and fat by acid 
hydrolysis in fig bars and raisin-filled crackers (Ibid., 26, 305) be adopted 
as tentative and studies continued. 
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(19) That further studies be made of the modified distillation method 
(benzene) for the determination of moisture in all flour-like products con¬ 
taining sodium bicarbonate as one of its constituents (Ibid., 25, 649). 

(20) That methods for the determination of bromates in flour be 
studied. 

(21) That the method for apparent viscosity measurement of flour be 
studied. 

REPORT ON IRON AND CALCIUM IN CEREALS 

By V. E. Munsey (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Associate Referee 

The official and tentative methods of analysis of the A.O.A.C. include 
no methods for the determination of iron and calcium in cereals. With 
the promulgation of the standards for enriched flour, enriched bromated 
flour, enriched self-rising flour, and enriched farina (Fed. Reg. May 27, 
1941), as amended except for enriched farina (Fed. Reg. July 3, 1943), 
the proposed order for enriched bread (Fed. Reg. August 3,1943) and the 
regulations for special dietary use (Fed. Reg. November 22, 1941) the 
necessity for the Association to have methods for iron and calcium in 
cereal products is apparent. 

Recent publications by Fortune and Mellon, 1 Woods and Mellon, 2 and 
Andrews and Felt 8 cover the references to the literature on this subject 
sufficiently so that further references seem unnecessary. 

DESTRUCTION OF ORGANIC MATTER AND 
SOLUTION OF IRON 

Various means for destruction of the large proportion of organic matter 
in these products are known. The following principles seemed most ap¬ 
propriate and were tried in this study: (1) ash by the official method for 
determination of ash in flour; (2) ash with added sodium hydroxide as a 
fixative essentially as presented by Hoffman et al., A (3) ash with added 
magnesium nitrate solution mixed with the cereal, and (4) wet ashing. 
Without discussion of the details of these various procedures and the fac¬ 
tors involved in the choice of a procedure, the Associate Referee selected 
the official method for determination of ash in flour for this collaborative 
study. In connection with ashing cereal products special consideration 
was given to loss of iron by volatilization, especially in the presence of 
added salt, and the incomplete solution of iron due to incomplete destruc¬ 
tion of all carbon or the conversion to partially insoluble iron salts. The 
different types of iron salts, the calcium salts introduced as carriers in 

\ InA Eng. Chem., Anal. Ed., 10, 60 (1938). 

*Ibid. f 13.651 (1941). 

• Cereal Chem „ 18, 819 (1941). 

4 Ind. Eng. Chem.. Anal. Ed.. 12, 454 (1940). 
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the enrichment mixture, and the various characteristics of the cereal 
products are important factors in the completeness of the removal of the 
carbon and the solution of the iron. To insure, so far as possible, the elim- 
nation of these factors an “ash aid,” such as the magnesium nitrate given 
in the procedure, has been found effective. The iron in the ash is dissolved 
in concentrated hydrochloric acid by evaporation to dryness on the steam 
bath, later taken up in a limited amount of concentrated hydrochloric acid, 
reduced to ferrous iron, and buffered, and a colored solution is developed 
by orthophenanthroline or alpha-alpha dipyridyl for measurement of the 
iron content. This study confirms the statement of Woods and Mellon 
that potassium sulfocyanate is inferior to orthophenanthroline and alpha- 
alpha dipyridyl. No significant difference was indicated for orthophenan¬ 
throline and alpha-alpha dipyridyl so that a choice is given in the pro¬ 
cedure; however, the higher absorption at the same concentration for 
orthophenanthroline and the possibility of less interference are factors in 
its favor. Any of the numerous accurate instruments, such as spec¬ 
trophotometer, photoelectric colorimeter, and neutral wedge pho¬ 
tometer, may be used for measurement of the concentration of iron in 
the solution. 

PRECISION AND ACCURACY 

In order to demonstrate the range of precision and accuracy of the 
method the results in Table 1 are presented. The three products, flour, 


Table 1 .—Iron in flour, semolina, and whole wheat flour 


WHIT* FLO UK 

BKMOLINA 

WHOLE WHEAT FLOUR 

mg./lb. 

mg.fib. 

mg./lb. 

5.6 

4.9 

16.8 

5.9 

4.8 

16.8 

5.8 

4.7 

16.8 

5.8 

4.6 

17.2 

5.8 

4.7 

16.7 

5.8 

4.6 

16.8 

5.5 

4.6 

16.8 

— 

4.6 

17.0 

— 

— 

16.9 

— 

— 

17.1 

Av. 5.7 

Av.4.7 

Av.16.8 


semolina, and finely ground whole wheat flour, contain no added iron 
other than that introduced during milling, which possibly represents a 
minimum distribution factor. These results were obtained in connection 
with other work on iron determinations extending over a period of many 
months. Different reagents and different mufflers were used with some 
variations in ashing time at 550°C. 
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Samples of phosphated and self-rising flour containing added iron salt 
calculated according to the composition of the ingredients to have 6.9 
and 9.7 mg./lb., respectively, were analyzed. The results are shown in 
Table 2. 

The average results on phosphated flour (Table 2) indicate a 100 per 
cent recovery, and those on the self-rising flour 96 per cent recovery. 

Samples of flour and an enriching concentrate containing sodium iron 
pyrophosphate were weighed directly in the crucible used for ashing to 


Table 2. —Iron in phosphated and self-rising flour 


PHOBPHATED FLOUR 

8ELF-RIBING FLOUR 

mg./lb. 

mg./lb. 

6.9 

9.2 

7.1 

9.2 

6.9 

9.3 

7.3 

9.5 

7.5 

9.5 

7.6 

9.5 

6.9 

9.4 

6.8 

9.4 

6.3 

9.1 

6.4 

— 

6.7 

— 

6.7 

— 

Av. 6.9 

Av. 9.3 


eliminate any distribution factor in mixing. Semolina was treated in simi¬ 
lar manner. The recoveries on the plain flour were 100, 93, 90, 105, 98, 96, 
94, 90 per cent, average 96 per cent, and on the semolina, 96, 96, 96, 96, 
103, 96,97, 96, 96,97,95, 94 per cent, average 96 per cent. Semolina mixed 
in the crucible used for ashing with 10 ml. of iron solution containing 0.1 
mg. iron gave an average of 98 per cent recovery. These results, together 
with those in Tables 1 and 2, indicate satisfactory precision and accuracy. 

EFFECT OF SALT ON IRON RECOVERY 

Since bread contains salt the effect of added salt on the iron recovery 
is presented in Table 3. The comparison of the iron content of breads 
made from the same ingredients with and without salt was found to be 
unsatisfactory for this purpose; therefore semolina was mixed with salt 
solution equivalent to 2 per cent and also with dry salt. Flour and en¬ 
riched flour doughs, with and without salt, of the usual bread formula were 
weighed into crucibles used for ashing. 

The sodium hydroxide fixative in Hoffman's procedure is used to elimi¬ 
nate the possibility of iron loss caused by the presence of salt. A sample 
of enriched bread was analyzed by the procedure used in this study and 
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Table 3. —Recovery of iron from semolina and from bread dough and enriched bread 
dough, all with and without salt 


SEMOLINA 

WITHOUT WITH 

SALT BALT 


DOUGH 

WITHOUT WITH 

BALT BALT 


ENRICHED DOUGH 
WITHOUT WITH 

BALT BALT 


mg. mg. 

Av. 8 0.1043 0.1051 

determinations, 0.1002 0.1060 

0.1031 mg. - - 

Av. 0.1028 0.1055 

Recovery (%) 99.5 

Semolina with dry salt 0.1051 

0.1045 


mg. 

0.1027 

0.1002 

mg. 

0.2690 

0.2700 

mg. 

0.2691 

0.2683 

0.1015 

0.2695 

0.2687 

96 


99.8 

Recovery (%) 

102 



0.1051 


Table 4. —Iron in enriched bread 


PROCEDURE USED IN COLLABORATIVE BTUDT NaOH FIXATIVE 


mg./lb. 

mg./lb. 

13.3 

13.4 

13.3 

13.2 

13.2 

13.8 

— 

13.2 

Av. 13.3 

13.3 


13.0 


Av. 13.3 


by a modification of the procedure with a sodium hydroxide fixative during 
ashing (Table 4). 

These results (Tables 3 and 4) indicate little if any effect of the salt on 
the iron recovery under the condition of these experiments. 

DESCRIPTION OF SAMPLES 

Four samples and an iron solution of known iron content were prepared 
and submitted for collaborative determination of iron. Sample No. 1 was 
a phosphated flour and No. 4 a self-rising flour prepared by mixing the 
ingredients 18 hours in a ball mill with iron-free marbles; No. 2 was a 
finely ground wheat flour and No. 3 was enriched bread. Samples No. 1 
and No. 4 were calculated to have 6.9 and 9.7 mg./lb., respectively. In¬ 
structions were issued to follow the method given below. 

IRON IN FLOUR AND BREAD 
PREPARATION OF SAMPLE 

Slice bread, allow to air-dry until in equilibrium with air, and crush on wooden 
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surface with wooden rolling pin to approximately 20-mesh rise. (Grinding may be 
done in mill if experiments show no increase in Fe due to grinding. In general, grind¬ 
ing in mills increases the iron content.) 

REAGENTS 

(a) Orthophenanthroline solution .—Dissolve 0.1 gram of orthophenanthroline in 
about 80 ml. of water at 80°, and after cooling dilute to 100 ml. 

(b) Alpha-alpha dipyridyl solution .—Dissolve 0.1 gram of alpha-alpha dipyridyl 
(Eastman Co.) in water and dilute to 100 ml. 

(c) Hydroxylamine hydrochloride solution. — Dissolve 10 grams of hydroxylamine 
hydrochloride in water and dilute to 100 ml. 

Keep Reagents (a) and (b) in cool, dark place and they will remain stable for 
several weeks. 

(d) Magnesium nitrate solution .—Dissolve 50 grams of Mg(NOi)** 6H*0 in 
water and dilute to 100 ml. 

(e) Acetate buffer solution. —Dissolve 8.3 grams of C.P. anhydrous sodium acetate 
(previously dried at 100°C.) in water, add 12 ml. of glacial acetic acid, and dilute to 
100 ml. (It may be necessary to redistil the C.P. glacial acetic acid and purify the 
sodium acetate by recrystallization from water, depending on amount of iron pres¬ 
ent. 

PREPARATION OP REFERENCE CURVE 

(1) Dissolve 0.1 gram of analytical-grade iron wire in 20 ml. of HC1 and 50 ml. of 
water, and dilute to 1 liter. Dilute 100 ml. of this solution to 1 liter. Each ml. has 
0.01 mg. of iron. Or— 

(2) Dissolve 3.512 grams of [(NH 4 )*Fe(SO4)i0HiO] in water, add 2 drops of 
HC1, and dilute to 500 ml. Dilute 10 ml. of this solution to 1 liter. Each ml. has 0.01 
mg. of iron (Fe). 

Make ten solutions with 2.0, 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0, and 45.0 
ml., respectively, from the finally diluted stock solution. Also run a blank. Add 2.0 
ml. of HC1 and dilute to 100 ml. Use 10 ml. of each of these solutions and follow the 
procedure as given under *' ‘Determination,” beginning “add 1 ml. of hydroxylamine 
solution." Plot concentration against scale reading. 

DETERMINATION 

Ash 10.0 grams of flour or air-dry bread in platinum, silica, or porcelain dish 
(about 60 mm. diameter, 35 ml. capacity) in accordance with method for ash, Meth¬ 
ods of Analysis , A.O.A.C., 1940, 212, 5. (Porcelain evaporating dishes of approxi¬ 
mately 25 ml. capacity are satisfactory. Do not use flat-bottomed dishes of greater 
diameter than 60 mm.) Cool, and weigh if percentage of ash is desired. Continue 
ashing until ash is practically carbon free. To diminish ashing time, or for samples 
that do not burn practically carbon free, use one of the following ash aids: Moisten 
the ash with 0.5-1.0 ml. of the Mg(NOi)* solution or with distilled HNO*. Dry con¬ 
tents and carefully ignite in muffle to prevent spattering. ( A white ash with no car¬ 
bon results in most cases.) Do not add these ash aids to self-rising flour or bread 
(products containing salt) in a platinum dish because of vigorous action on the dish. 
Cool, add 5 ml. of HC1, evaporate to dryness on the steam bath, dissolve residue by 
adding, accurately measured, 2.0 ml. of HC1, heat for 5 minutes on the steam bath 
with watch-glass on the dish, wash off the watch-glass with distilled water, filter into 
a 100 ml. volumetric flask, cool, and dilute to volume. Pipet 10 ml. of aliquot into a 
25 ml. volumetric flask, and add 1 ml. of the hydroxylamine solution; in a few min¬ 
utes add 5 ml. of the buffer solution and 1 ml. of the orthophenanthroline or 2 ml. of 
the alpha-alpha dipyridyl solution and make to volume. Read the intensity of color 
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Table 5 .—Fe in iron solution, flour, whole wheat flour, bread, and self-rising flour 


COLLABORATOR 

Fe soln 

NO. 1 


mg./ml. 

mg./lb. 

1 

.01 

6.7-6.7 
Av. 6.7 

2 

.01 

7.1-6.9 
Av. 7.0 

3 

.01 

7.3-6.9 
Av. 7.1 

4 


6.9-7.2 
Av. 7.1 

5 

.01 

7.5-7.5 
8.0 

Av. 7.7 

6 

.01 

7.3-7.3 
Av. 7.3 

7 

— 

7.7-7.7 
Av. 7.7 

8 

.01 

Av. 7.3 

9 


7.6-7.2 

Orthophenanthroline 

Av. 7.4 


.01 

6.9-6.7 

Alpha-alphi 

\ dipyridyl 

Av. 6.8 

10 

.0101 

■ 

6.4-6.7 
Av. 6.6 

11 

.0097 

6.2-6.0 
Av. 6.1 

12 

.011 

6.4 

13 

— 

6.9-7.1 
7.6-6.9 
6.8-6.4 
Av. 7.0 

14 

— 

6.8-6.8 

Minimum 


6.1 

Maximum 


7.7 

Average 


7.0 


NO. 2 

NO. 3 

NO. 4 

mg./lb. 

mg./lb. 

mg./lb. 

16.4-16.9 

14.8-14.0 

9.5- 9.4 

Av. 16.6 

Av. 14.4 

Av. 9.5 

15.9-15.9 

13.4-13.6 

9.4- 9.1 

Av. 15.9 

Av. 13.5 

Av. 9.3 

16.8-16.6 

13.4-13.4 

9.4- 9.3 

Av. 16.7 

Av. 13.4 

Av. 9.4 

16.8-16.6 
Av. 16.7 

14.9 

10.3-10.4 
Av. 10.4 

17.4-17.4 
17.6-18.5 
Av. 17.7 

14.7 

12.7-10.0 
10.2-10.4 
Av. 10.8 

16.8-16.8 

14.3-14.2 

9.8- 9.7 

Av. 16.8 

Av. 14.3 

Av. 9.8 

17.2-17.2 
Av. 17.2 

14.1 

9.9- 9.9 
Av. 9.9 

Av. 17.3 

Av. 14.5 

Av. 9.5 

16.9-16.8 

14.3-14.5 

Av.9.7-10.4 

Av. 16.9 

Av. 14.4 

Av. 10.1 

16.1-16.4 

13.8-13.8 

9.0-10.1 

Av. 16.3 

Av. 13.8 

Av. 9.6 

16.8-16.8 

14.3-15.0 

9.2- 9.5 

Av. 16.8 

Av. 14.7 

A v. 9.4 

16.3-16.6 

13.8-13.9 

9.3- 9.4 

Av. 16.5 

Av. 13.9 

Av. 9.4 

17.3 

14.5 

10.2-10.0 
Av. 10.1 

16.8-16.8 

14.3-14.5 

9.2- 9.3 

16.8-17.2 

14.4-14.3 

9.5- 9.5 

16.7 

14.4 

9.5 

Av. 16.9 

Av. 14.4 

Av. 9.4 

16.9-16.9 

13.8-13.8 

10.1-10.2 
Av. 10.2 

15.9 

13.4 

9.3 

17.7 

14.7 

10.8 

16.8 

14.2 

9.8 
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in a 2 inch cell on the neutral wedge photometer, using the No. 51 filter (about 514m/i 
wave length) or other suitable instrument of equivalent precision. From the reading, 
determine the concentration of iron from the equation of the line representing the 
standard points or by reference to standard curve for known iron concentration. 
Determine blank on the reagents and make correction. Calculate amount of iron 
in the flour or bread as mg. per pound. Rinse all flasks, beakers, funnels, etc., with 
distilled water before use, and filter all reagents to remove suspended matter. 

The results presented in Table 5 were obtained from 14 collaborators. 

The results in Table 5 indicate the range to be expected on samples of 
similar material by different chemists. These variations are within a rea¬ 
sonable degree of agreement when compared with the average for the 
group and the amount of the iron calculated in No. 1 and No. 4 of 6.9 
and 9.7 mg./lb., respectively. The excellent agreement on the iron solution 
indicates that only a small part of the variation on the samples is caused 
by the measurement of the concentration of the iron in solution. 

SUMMARY 

This report describes a simple and convenient method for the determi¬ 
nation of iron and indicates the degree of accuracy and agreement to be 
expected by different analysts on the products used. 

CALCIUM 

The same samples sent out for collaborative study on iron were used for 
calcium determination. Samples No. 1 and 4 contained 450 and 1505 
mg./lb. of calcium based on calculation from analyses of ingredients. The 
calcium content was not known on Nos. 2 and 3. The collaborators were 
instructed to use 50 ml. aliquot of the solution from the iron determina¬ 
tion, dilute to about 200 ml. and proceed as directed in Methods of Analy¬ 
sis , A.O.A.C ., 1940, 339, 19, as far as “and allow mixture.” Then to pro¬ 
ceed as directed under 48, p. 366, beginning, “let stand overnight except 
for titration with 0.05 N KMnO*. Calculate Ca as mg./lb.” 

The results are shown in Table 6. 

The maximum value for Sample 3 and the maximum and minimum 
values for Sample 4 seem considerably at variance with the other results 
and have been omitted from the average. Reasonable agreement was ob¬ 
tained on the other results as compared with the average and calculated 
content of calcium in Sample 1 of 450 mg./lb. and Sample 4 of 1505 
mg./lb. 

It is recommended*— 

(1) That the procedures given in this report for the determination of 
iron and calcium be adopted as tentative. 

(2) That the study be continued. 


For report of Subcommittee D and action by the Association see This Journal 27, 66, 86 (1944). 
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Table 6 . Calcium in flour , whole wheat flour } bread , and self-rising flour 


COLLABORATORS 

MO. 1 

NO. 2 

NO. 3 

NO. 4 


mg./lb. 

mg./lb. 

mg./lb. 

mg./lb. 

1 

431—429 


540-544 

1502-1509 


Av. 430 


Av. 542 

Av. 1506 

2 

438-440 

232-234 

527-531 

1471-1494 


Av. 439 

Av. 231 

Av. 529 

Av. 1483 

3 

430-426 

237-240 

539-528 

1487-1466 


Av. 428 

Av. 239 

Av. 534 

Av. 1477 

4 

398-391 

221-215 

500 ; 

1328* 


Av. 395 

Av. 218 

i 


5 

460-474-466 


661 

1566-1526-1500 

■ 

Av. 467 



Av. 1531 

6 

459-449 


579-569 

1537-1527 


Av. 454 


Av. 574 

Av. 1532 

7 

452-464 

Av. 458 


554 

1509-1509 

8 

431 

232 

540 

1516 

9 

412-411 

219-213 

550-535 

1472-1494 


Av. 412 

Av. 216 

Av. 543 

Av. 1483 

10 

443-443 

266-248 

522-527 

1505-1505 



Av. 257 

Av. 525 


11 

425-434 


539-534 

1498-1507 


Av. 430 


Av. 537 

Av. 1503 

12 

408-417 

238-225 

539-506 

1471-1489 


Av. 413 

Av. 232 

Av. 523 

Av. 1480 

13 

454-454- 

232-244 

526-545 

1570-1560 


472-454 

Av. 457 

Av. 238 

Av. 536 

Av. 1565 

14f 

472 

257 

540-532 

2214-2184 




Av. 536 

Av. 2199* 

Minimum 

395 

216 

500 

1328* 

Maximum 

472 

267 

661* 

2199* 

Average 

438 

237 

536 

1505 


* Omitted from average. 

t Collaborator 14, due to an error in calculation, has since reported the results on No. 4 should have 
been 1510 and 1489, Av. 1500 mg./lb. 
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The splendid cooperation of the following collaborators is greatly ap¬ 
preciated: 

A. G. Buell, C. C. Cooley, S. Alfend, G. M. Johnson, L. E. Wener, F. J. Mc- 
Nall, I. Schurman, L. W. Ferris, M. Tubis, C. A. Wood, all of the Food and Drug 
Administration; John S. Andrews, of General Mills, Inc.; C. G. Harrel, of Pills- 
bury Flour Company; and W. H. King of Department of Health, New Orleans. 


REPORT ON STARCH IN RAW AND BAKED CEREALS 

By M. P. Etheredge (Mississippi State Chemical Laboratory, 
State College, Miss.), Associate Referee 

For the past two years the Hopkins revision of the Mannich-Lenz pro¬ 
cedure 1 for the determination of starch in cereals has been studied by the 
Association and compared, principally, with the Rask procedure {Methods 
of Analysis, A.O.A.C ., 1940, 221). In 1942, some comparisons were also 
made with the diastase-hydrochloric acid procedure {Ibid., 359) and re¬ 
ported in This Journal, 26, 214. Owing to increased interest in starch 
determinations, reflected by eight collaborators participating, it was de¬ 
cided to make further studies this year and to compare the polarimetric 
method with the diastase-hydrochloric acid procedure. 

The following samples were selected for study: No. 1, ground whole 
corn; No. 2, white bread; No. 3, cornstarch; No. 4, wheat starch. 

The com was yellow com (Grade No. 2) prepared by J. H. Shollen- 
berger of the Northern Regional Research Laboratory, Peoria, at the 
suggestion of R. T. Milner, Chief, Analytical and Physical Chemical 
Division, of the same laboratory. The white bread was baked by a local 
bakery in Starkville, Miss. Bread from this same bakery was used in the 
report of 1941 {This Journal, 25, 621). The Associate Referee obtained 
59.66 per cent starch in 1941, and by the same method he is reporting 
60.04 this year. The cornstarch sample, furnished by J. P. Bishop of Com 
Products Refining Company, Argo, Illinois, is their No. 126 starch, with¬ 
out further purification. The wheat starch, furnished by Stein, Hall and 
Company of New York, is a powdered commercial grade without further 
treatment. All samples were passed through a 100-mesh sieve and were 
allowed to come to a moisture equilibrium in the Mississippi State Chemi¬ 
cal Laboratory before being sent out for analysis. 

The samples were sent to fifteen collaborators with instructions to test 
by both the Hopkins and the diastase-hydrochloric acid procedures. With 
the Hopkins method, it was advised in case of difficulty with filtering that 
the analyst centrifuge with Celite, as suggested by J. D. Guthrie and E. T. 
Steiner of the Southern Regional Laboratory, New Orleans. As specific 


1 Can. J. Research, 11, 751-758 (1934). 
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Table 1 .—Starch in corn and wheat products 


GROUND WHOLE CORN WHITS BREAD 


ANALYST 


HOPKINB 

DIASTASE- 

HOPKINS 

DIA8TABE- 



POLARIUETRIC 

HYDROCHLORIC 

POLARIMETRIC 

HYDROCHLORIC 



METHOD 

ACID METHOD 

METHOD 

ACID METHOD 



per cent 

per cent 

per cent 

per cent 

1 


65.10 

59.90 

60.30 

57.40 



65.40 

60.50 

60.10 

57.10 



64.80 

60.40 


57.40 




59.70 




Av. 

65.10 

60.13 

60.20 

57.30 

2 


65.00 

61.50 

60.40 

58.30 



64.90 

60.60 

60.40 

57.60 



64.80 

60.60 

60.30 

58.90 


Av. 

64.90 

60.90 

60.37 

58.27 

3 


65.30 

64.80 

60.48 

61.79 



65.24 

64.33 

60.45 

62.12 



65.33 

64.18 

60.09 

61.95 



65.26 

64.27 

60.29 

61.40 


Av. 

65.28 

64.40 

60.33 

61.82 

4 


64.57 


57.59 




64.79 


58.37 



Av. 

64.68 


57.98 


5 


64.66 

62.57 

60.39 

60.15 

6 


64.40 

57.69 

55.75 

54.96 



64.50 

58.07 

55.25 

54.15 




58.97 


53.88 


Av. 

64.45 

58.24 

55.50 

54.33 

7 


64.84 

59.90 

61.38 

56.20 



64.84 

60.80 

61.81 

56.50 



65.70 

59.70 

60.52 

56.60 



64.84 

58.80 

61.81 

56.60 


Av. 

65.06 

59.80 

61.51 

56.48 

8 


65.30 

61.20 

60.70 

58.20 



65.30 

61.30 

60.90 

58.30 



65.30 

61.30 

60.90 

58.10 




61.50 


58.50 


Av. 

65.30 

61.33 

60.83 

58.28 
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Table 1 . —Continued 



OBOUNDWBOLSCOBN 

VBRI BBBAD 

ANALYST 

HOPKINS 

POLARDOTRIO 

MSTHOD 

D118TA8S- 

HTDBOCHLORIC 

ACID METHOD 

HOPKINS 

POLABDUTBIC 

IHTHOD 

DIASTA8X- 

HTDROCHLOKIO 

AdDMBTHOD 


per cent 

per cent 

per cent 

per cent 

9 

67.20 

64.26 

66.50 

64.60 


68.00 




Av. 

67.60 

64.26 

66.50 

64.60 

10 

63.75 

59.52 

59.95 

57.39 


63.80 

60.67 

60.12 

57.92 


63.67 





63.71 




Av. 

63.73 

60.10 

60.04 

57.66 

*11 

65.60 


60.40 



65.60 


60.40 



65.40 


60.80 



65.40 


59.20 


Av. 

65.50 


60.20 


*12 

63.40 

61.70 

59.40 

57.94 


63.60 

62.10 

59.60 

58.38 


63.60 


59.60 

58.67 

Av. 

63.53 

61.90 

59.53 

58.33 

* 3 (corrected) 

63.12 


60.18 



62.66 


60.50 



62.51 


60.34 



62.60 


59.80 

Av. 


62.72 


60.21 


* Too late to be included in averages and discussions. 


rotation, 200 was to be used for all starches. The variations suggested for 
the diastase-hydrochloric acid procedure were: (1) to wash with 70 per 
cent alcohol instead of 10 per cent; (2) to use any enzyme desired; (3)to use 
toluene or thymol during hydrolysis to keep down microbiological action 
(suggested by K. A. Clendenning of National Research Council, Ottawa); 
and (4) to buffer at pH 4.5-6.0 (suggested by R. T. Milner and R. W. 
VonKorff of the Northern Regional Laboratory, Peoria). As the dextrose- 
starch factor, 0.9 was to be used. 
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Table 2.— Starch in two commercial starches 


CORNSTARCH WHEAT STARCH 


ANALYST 


HOPKINS 

DIA8TA8B- 

HOPKINS 

DIASTASE- 



POLARIMBTR1C 

HYDROCHLORIC 

POLARIMETRIC 

HYDROCHLORIC 



1CBTHOD 

ACID METHOD 

METHOD 

ACID METHOD 



per cent 

per cent 

per cent 

per cent 

1 


88.10 

81.70 

86.80 

81.50 



87.90 

81.60 

86.60 

81.20 



88.60 

82.60 

87.10 

81.50 



87.80 



80.90 


Av. 

88.10 

81.97 

86.80 

81.28 

2 


88.20 

84.00 

87.10 

83.00 



88.00 

83.80 

87.10 

82.40 



88.10 

83.90 

87.10 

82.70 


Av. 

88.10 

83.90 

87.10 

82.70 

3 


87.63 

86.84 

86.66 

85.89 



87.80 

87.04 

86.55 

85.03 



87.55 

87.83 

86.91 

85.87 



87.79 

87.74 

86.95 

84.97 


Av. 

87.69 

87.37 

86.77 

85.44 

4 


88.70 


87.44 




88.68 


87.59 



Av. 

88.69 


87.52 


5 


87.36 

83.96 

86.45 

83.15 

6 


90.88 

79.70 

89.02 

77.80 



89.80 

80.39 

88.38 

77.49 



90.50 

79.63 

89.45 



Av. 

90.39 

79.91 

88.95 

77.49 

7 


89.04 

81.00 

87.31 

79.30 



88.18 

80.70 

87.75 

79.90 



88.18 

81.10 

88.18 

79.30 



88.61 

79.70 

87.75 

79.10 


Av. 

88.50 

80.60 

87.75 

79.40 

8 


86.90 

83.70 

87.20 

81.30 



86.90 

83.70 

87.20 

81.00 



86.50 

84.00 

87.20 

81.30 




83.60 


81.00 


Av. 

86.78 

83.75 

87.20 

81.15 
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Table 2. —Continued 



OOBNSTABOH 

WHBAT STARCH 

ANALYST 

HOPKINS 

DXABTA8B- 

HOPKINS 

DIA8TA8K- 


POLAanOTBIG 

HYDROCHLORIC 

POLARHUBTRIC 

HYDROCHLORIC 


MBTHOD 

ACID MBTHOD 

METHOD 

ACID MBTHOD 


percent 

percent 

percent 

per cent 

9 

89.10 

89.50 

86.04 

87.04 

83.88 

Av. 

89.30 

86.04 

87.04 

83.88 

10 

86.61 

83.84 

85.91 

83.84 


85.74 

84.69 

86.04 

83.84 


86.79 


86.34 



87.06 


86.43 


Av. 

86.80 

84.27 

86.18 

83.84 

♦11 

87.90 


87.00 



87.90 


87.00 



87.80 


87.00 



87.90 


87.00 


Av. 

87.88 


87.00 


♦12 

87.25 

82.47 

85.75 

82.76 


87.38 

82.57 

85.83 

82.80 


87.50 


86.00 

83.47 

83.43 

Av. 

87.38 

82.52 

85.86 

83.10 

♦ 3 (corrected) 

83.19 


82.28 



83.38 


81.46 



84.14 


82.26 



84.05 


81.40 

Av. 


83.69 


81.85 


* Too late to be included in averages and discussions. 


Results were received from nine collaborators, whose efforts make this 
report possible. The Associate Referee deeply appreciates this cooperation 
during the present period of severe strain. The complete list of collabora¬ 
tors follows and their results are shown in the tables. 

COLLABORATORS 

V. E. Munsey, Food and Drug Administration, Washington. 

R. T. Milner and Mrs. R. M. Glassco, Northern Regional Research Laboratory, 
Peoria. 
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J. D. Guthrie and E. T. Steiner, Southern Regional Research Laboratory, New 
Orleans. 

C. Y. Hopkins and Miss M. Chisholm, National Research Council, Ottawa. 

The W. E. Long Company, Chicago. 

Betty L. Geiger, General Mills, Minneapolis. 

G. T. Peckham, Jr., Clinton Company, Clinton, Iowa. 

H. File and E. K. Olson, A. E. Staley Manufacturing Company, Decatur, Ill. 

H. H. Schopmeyer, American Maize-Products Company, Roby, Ind. 

M. P. Etheredge. 

* K. A. Clendenning, National Research Council, Ottawa. 

* C. O. Willits and W. L. Porter, Eastern Regional Research Laboratory, Phila¬ 
delphia. 

DISCUSSION OF RESULTS 

If an analyst gave more than four results, the wider ones were discarded. 
Unfortunately, some gave only one result, presumably an average. No 
analyst checked himself better by the diastase-hydrochloric acid method 
than by the Hopkins procedure. Only two analysts checked themselves as 
well by the diastase-hydrochloric acid process, and one of these expressed 
a preference for the Hopkins procedure. 

Although arithmetical, or accepted, averages have not been computed, 
it is interesting to look at the averages and compare the two methods as 
to spread between analysts. With the corn sample, if the high and the low 
results be eliminated there would be only 0.85 per cent total spread by 
the Hopkins procedure, while there would still be 4.46 between the high 
and low averages by the diastase-hydrochloric acid procedure. With the 
bread sample it would be necessary to cut out two results, each high and 
low, to give only 0.76 spread by the Hopkins procedure, while a like proc¬ 
ess of elimination would leave 2.85 difference by the other method. A simi¬ 
lar process of elimination in the averages of the com and wheat starches 
leaves 1.00 versus 2.27 and 0.75 versus 2.64, respectively. 

While such variations among the analysts are regretted, they some¬ 
times occur in well worked-out methods. Some of the analysts who par¬ 
ticipated this year had never had experience with the determination of 
starch. However, it is definitely noticeable that the variations of analysts 
by the diastase-hydrochloric acid method are more than double the varia¬ 
tions by the Hopkins procedure. Also, in the case of the commercial 
starches, the Hopkins procedure gives a more accurate value of starch. 

It is believed that all analysts used some form of malt diastase as 
enzyme in the diastatic conversion of the previously mentioned results. 
However, Referee Munsey also tried out takadiastase, polydase, and 
mylase. In most instances, the conversion was not so satisfactory. This 
seems to be the opinion of other collaborators who have had experience 
with other enzymes. Munsey also obtained slightly higher results by treat¬ 
ing with diastase three times instead of twice. The Associate Referee has 

* Too late to be included in averages and remarks. 
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found a similar increase by treating for longer periods and with larger 
amounts of diastase. 

OTHER METHODS 

Referee Munsey, and H. H. Schopmeyer of the American Maize-Prod¬ 
ucts Company, tried all four samples by direct acid hydrolysis, and both 
analysts showed results too high on the com, as would be expected; on the 
other samples one obtained higher results and the other lower without first 
treating with diastase. The lower results are not understood. The Asso¬ 
ciate Referee reported similar experiences with starches to the Association 
in 1940 (This Journal , 24, 113). 

Schopmeyer also tried all four samples by the American Maize-Prod¬ 
ucts Company persulfate method (private communication). The results 
were not consistent when compared with results from other methods. This 
method is said to be used for determining starch in fibrous material, and 
it would not be generally recommended for products having high starch 
content. 

The Associate Referee did not try out the Clendenning method 2 re¬ 
ferred to last year. It directs that the proteins be precipitated with stannic 
chloride. This method seems to be specific for flours, and no flour sample 
was sent out this year. 

In his search for a better dispersion agent the Associate Referee tried 
out another group of chemicals, but unfortunately, was again unsuccess¬ 
ful. This list of chemicals follows: o-nitrobenzoic, o-benzoylbenzoic, 
phenyl salicylate, cadmium nitrate, sodium nitrate, potassium acid oxa¬ 
late, cream of tartar, cerium oxalate, paraldehyde, eucalyptus, p-hy- 
droxybenzoic, succinic, naphthalic anhydride, phthalic anhydride, and cel¬ 
lulose acetate. 

ADDITIONAL WORK 

The Association has realized for some time that the glucose-starch 
factor of 0.9 is too low for all practical purposes, and also that the specific 
rotation of 200 for most starches is too low. With this in mind, the Asso¬ 
ciate Referee requested the collaborators to endeavor to arrive at a better 
factor for the starch and wheat samples sent out. Only two collaborators 
found time to work on this project, and they are in wide disagreement. 
The work done by the Associate Referee basically agrees with one of them, 
but here, too, there is a small difference due to a variation in moisture 
determination. It seems that any approach to a specific rotation factor or 
to a glucose-starch factor is based on getting starch by difference. This 
involves a moisture determination, which is usually not made with a high 
degree of accuracy. It was thought best not to report the small amount of 
work done on factors until more data can be accumulated. However, as 
each analyst reported results on moisture on the samples they are listed in 
Table 3. 


1 Can. J. Research, 20, 403 (1942). 



1944] etheredge: report on starch in raw and baked cereals 411 


Table 3. —Moisture in samples 


ANALYST 

10CTH0D 

CORN 

B&XAD 

CORNSTARCH 

WBBATSTARCH 

1 

100° vacuo 

percent 

11.40 

percent 

11.37 

percent 

12.12 

percent 

11.91 

2 

105° vacuo—20 hrs. 

12.26 

11.68 

12.34 

12.62 

3 

100° vacuo—16 hrs. 

11.96 

11.60 

12.44 

12.45 

4 

106° vacuo—6 hrs. 

10.60 

10.76 

11.62 

11.91 

5 


10.74 

11.21 

12.02 

12.12 

6 

130° air—1 hr. 

10.40 

11.00 

12.00 

12.00 

7 

115° air—1 hr. 

11.00 

10.80 

11.10 

11.40 

8 

100° vacuo 

10.98 

10.63 

11.43 

11.69 

9 


11.10 

10.30 

10.40 

12.60 

10 

105° air—20 hrs. 

11.02 

10.94 

11.68 

11.92 


DISCUSSION OF MOISTURE RESULTS 

No two analysts agree well on all four samples. The nearest approach 
to an agreement is by Analysts 2 and 3. They both used long hours in 
vacuo. R. T. Milner, Northern Regional Laboratory, Peoria, seems to 
have had more experience with moisture in starch than most collaborators. 
He has contributed some interesting comparisons between the toluene 
(Bidwell-Sterling) method and drying in vacuo at 120° for 24 hours. The 
results are given in Table 4. 


Table 4. —Moisture in starch 


MHTHOD 

NO. 59 

no. 60 

NO. 61 

no. 62 


percent 

percent 

percent 


Toluene 

11.67 

12.10 

12.02 


Vacuum oven 

11.58 

12.03 

11.96 



In view of the fact that the toluene distillation method has always been 
regarded as the most accurate for this type of moisture, it must be con¬ 
cluded after looking at Tables 3 and 4, that a long drying period in vacuo 
is necessary. Sair and Fetzger give more details on this subject in a recent 
report. 3 

CONCLUSIONS 

The work of the past two years combined with that of this year in¬ 
dicates quite plainly that the Hopkins revision of the Mannich-Lenz pro¬ 
cedure for quantitative estimation of starch is comparable with, if not 
superior to, any known method. It is believed that further work of the 
Association should include a careful study of specific rotation. The Asso¬ 
ciate Referee considers that calcium chloride brine is not an ideal disper¬ 
sion medium. However, if a better medium can not be found and the As- 


*Ind. Eng. Chem., Anal. Ed ., 14 , 843 ( 1942 ). 
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sociation can arrive at a fairly constant rotation figure, then this method 
should receive serious consideration for adoption as a tentative method. 
Also, the glucose-starch factor of 0.9 is too low, and it should be cor¬ 
respondingly revised upwards. 

The Hopkins revision of the Mannich-Lenz procedure for the determi¬ 
nation of starch was adopted as a tentative method. The details of this 
method follow: 

STARCH 4 

REAGENT 

Calcium chloride solution .—Dissolve 2 parts of crystalline CaCla' 6 H 2 O in one 
part of water and adjust to density of 1.30 at 20°. (This solution contains about 33% 
of CaClj.) Make faintly pink to phenolphthalein by adding 0.1 AT NaOH. (Anhy¬ 
drous CaCl a may be used, but it is usually alkaline and requires the addition of acid 
to bring it to correct pH.) 

DETERMINATION 

Grind sample finely (100-mesh if possible) and weigh 2.0-2.5 grams into a 60 
ml. round-bottomed centrifuge tube with lip. Wash with ether to remove fat, then 
with 10 ml. of approximately 65% by weight aqueous alcohol (d 2 o 0 . 88 ) and stir 
thoroughly with a glass rod. Centrifuge ( 1 ) and pour off the solution. Repeat the 
washing until 60 ml. of wash liquid has been used, stirring each time with same rod. 

Stir residue with 10 ml. of water and pour into a 200-250 ml. Erlenmeyer flask. 
Complete transfer by washing out with a total of 60 ml. of the CaCl 2 solution con¬ 
taining 2 ml. of 0.8% acetic acid. Transfer rod to flask and bring mixture to boiling 
quickly over wire gauze, stirring frequently. Boil briskly for 15-17 minutes, taking 
precautions to prevent burning and foaming ( 2 ). Rub the particles on sides of flask 
down with the rod from time to time. 

Cool solution quickly in running water and pour into a 100 ml. volumetric flask, 
rinsing thoroughly with the CaCl 3 solution from a wash-bottle with a medium jet. 
(In making up to mark, it is permissible to destroy the froth by adding one drop of 
alcohol.) 

After thoroughly mixing the sample pour about 10 ml. of the solution onto a 
fluted filter (Whatman No. 42 or 44), wetting paper completely. Allow filtrate to 
run dry and discard. Resume filtration, using a dry receiver, and collect 40-50 ml. 
(3). 

Polarize the liquid in a 10 cm. tube, taking 2 sets of 10 readings each. (The aver¬ 
ages of the two sets should agree within 0.006°.) Calculate the starch content as 
follows: 


Percentage starch (4) 


100XAX100 
1X200 XS 


50 X A 
" 8 1 


where A is observed rotation and 


S is weight of sample. 

Notes: 

( 1 ) If no centrifuge is available wash samples on a filter paper, using a Pt cone 
and slight suction. 

(2) An Argand burner with a thin asbestos gauze will diminish foaming. 

(3) For filtering aids, Celite with Pyrex glass filters and Hirsch-type funnel 
with asbestos and suction are recommended. 

(4) 200 is arbitrarily taken as specific rotation for all starches until a bettor 
figure is worked out for individual starches. If a 200 mm. tube and a saccharimeter 
are used, 2 grams of sample is weighed out and the mixture is made up to 100 ml, 
each °V will be multiplied by 4.3225 to give % of starch. 

« This Journal , 10,10S; 11, 484; 12, 390; 13, 447; 14, 112; 15, 583; 16, 505; 17, 400; 18, 570; 19, 621; 
20,547;21,360,394; 22,523; 23,489; 24,113. 




CONTRIBUTED PAPERS 

FACTORS THAT INFLUENCE THE P,0, TRANSITIONS THAT 
OCCUR IN AMMONIATION OF SUPERPHOSPHATE 

By W. H. MacIntike, H. L. Marshall, and R. C. Shane 
(The University of Tennessee Agricultural Experiment 
Station and Department of Chemical Engineering, 

Tennessee Valley Authority, Knoxville, Tenn.) 

In his pioneer investigations, Keenen (12) observed that the basic 
phosphates formed in the ammoniation of superphosphate were decidedly 
less soluble than the corresponding tertiary precipitates of reagent grade. 
The nature and properties of the water-insoluble phosphates induced by 
ammoniation of superphosphates are affected by the impurities carried by 
the starting rock phosphate, but analogous tertiary calcium phosphates of 
reagent grade also vary markedly in composition and reactivity, in struc¬ 
ture, and in fertilizer value (9, 11, 18, 20). 

Brioux (4) and Gerlach (5) had shown that full ammoniation of super¬ 
phosphate results in the development of tricalcium phosphate and am¬ 
monium sulfate according to the equation, CaH«(P 04 )s+ 2 CaS 04 + 4 NH» 
—►Ca 3 (P 04 )s+ 2 (NH 4 ) 2 S 04 . Keenen (12), Keenen and Morgan (13), and 
Harford and Keenen (8) stressed the instability of generated diammonium 
phosphate as a causal factor in the PjOs transitions that occur, as indicated 
by the equations: 

(1) CaH 4 (P0 4 )j + 2NH, -» CaHP0 4 + (NH 4 ),IIP0 4 

(2) 2CaIIP0 4 + CaS0 4 + 2NH, - Ca,(P0 4 ) s + (NH 4 ),S0 4 

In practice, however, it soon was found that even partial ammoniation 
of superphosphate may induce the formation of phosphates less soluble 
than normal tricalcium phosphate, and Andrews (1) has demonstrated 
that this distinction in solubility is registered also by plant response. 
Jacob and Ross (10), Hardesty and Ross (6, 7), While, Hardesty, and 
Ross (21), and Marshall, Hendricks, and Hill (19) concluded that de¬ 
crease in chemically evaluated “availability” is caused by the generation 
of “hydrated” forms. 

The fact that concentrated superphosphate can be ammoniated without 
serious degradation in P*Ot availability has been attributed to low content 
of calcium sulfate (12,16). Bassett (2) pointed out, however, that at 80°C. 
the conversion of dicalcium phosphate will occur in the absence of calcium 
sulfate, according to the equation, 3 CaHPC> 4 + 2 NH*—*Ca*(P 04 )» 
+(NH 4 ),HP04. 

It also has been demonstrated that component fluorides react with cer¬ 
tain forms of tertiary calcium phosphates in either ammoniated or limed 
superphosphates with resultant formation of calcium fluorphosphate (14, 
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16, 17), whereas such reversion was virtually absent in ammoniated and 
in limed superphosphates derived from defluorinated rock phosphate (16). 
The phenomenon of fiuorphosphate formation likewise accounts for the 
retrogradation that occurred when superphosphate was fortified with de- 
fluorinated calcines of rock phosphate (3), although reversion did not oc¬ 
cur when defluorinated quenched fusions of rock phosphate were admixed 
with superphosphate (15). Recently, it has been found that hydroxyphos- 
phate reacts with fluorides much more readily than does the normal 
tertiary (18). Hence, the greater the quantity of hydroxyphosphate gen¬ 
erated in ammoniated superphosphates the greater will be the subse- 
quential formation of fiuorphosphate. 

OBJECTIVE 

The present study deals with proportions of reactants, temperature, ad¬ 
ditive calcium sulfate of variant degree of hydration, aging, component 
fluorides, and variance in technic of citrate digestion as governing factors 
in establishing the transitions induced by gaseous and aqueous ammonia- 
tions of superphosphates. 

EXPERIMENTAL 

Since the ammoniation of the superphosphate complex is complicated 
by several possible vitiative reactions, reagent grades of mono- and dical¬ 
cium phosphates and different forms of calcium sulfate were used in a se¬ 
ries of exploratory ammoniations. The several reactants of the 150 ml. 
aqueous systems of Tables 1 and 2 were introduced in the indicated molal 
proportions in closed containers at room temperature. The several systems 
were agitated vigorously by hand and then were maintained quiescent at 
temperatures of 30° and 90°C. for durations of 24, 72, and 144 hours. The 
solutions and the solids of the experimental systems were separated and 
analyzed at those periods and the phases of the systems were computed. 

The solubility of the tertiary formed at 30°C., with concomitant diam¬ 
monium phosphate, in the 8-mol ammoniations of System 1, indicated a 
normal tricalcium phosphate. The precipitate was least soluble at the 144- 
hour period. The corresponding precipitate formed at 90°C. was consider¬ 
ably less soluble and its P*0 6 :Ca0 ratio was lower and closer to that of 
hydroxyapatite. Although the triplicate precipitates formed in the 90°C. 
systems were identical as to ratio, the 144-hour precipitate proved least 
soluble. 

In the replicates of System 2 at 30°C., the precipitates were dicalcium 
phosphate of constant PjOsiCaO ratio and were stable in the solution of 
generated monoammonium phosphate. The dicalcium phosphate formed 
in the parallel system at 90°C. was slightly less soluble, however, and 
solubility was depressed somewhat by the hydrolysis indicated by de¬ 
crease in the concentration of the monoammonium solute during aging. 

In System 3 the dicalcium phosphate formed in the presence of calcium 
sulfate at 30°C., with the concomitant diammonium phosphate solute, 



Table 1. —Ammoniation of monocalcium ‘phosphate in aqueous systems f with and without CaSO*, at two temperatures 
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Table 2. Ammoniation of dicalcium phosphate in aqueous systems , with and without CaSCU, at two temperatures 
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Expressed as percentage of potential salt content of the systems. 

By 1-hour continuously agitated extractions with neutral ammonium citrate of 1.09 sp. gr. 
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was completely citrate-soluble at each period. At 90°C., however, the 
unstable diammonium phosphate solute was converted to the mono form 
in the conversion of the dicalcium precipitate to one of tricalcium phos¬ 
phate, the citrate solubility of which decreased with aging. 

In System 4, of greater calcium sulfate proportion, and no final P0 4 
solute, the tertiary generated at 30°C. showed a progressive decrease in 
P 2 O 5 proportion and in citrate-solubility. The triplicate precipitates 
formed at 90°C. were of uniform P 2 CV.CaO ratio at the three periods, and 
were more soluble than those formed in the analogous units of System 3. 

In the nine units of System 5, all maintained at 90°C., the reactants 
were identical except for the variation as to the hydration of the additive 
sulfate. In all of these systems the 1:3:1 starting ratio of monocalcium 
phosphate, ammonia, and calcium sulfate induced precipitates of dical¬ 
cium phosphate of uniform composition and virtually complete citrate 
solubility. Variation in the form of the calcium sulfate exerted no effect 
upon the dicalcium phosphate formation in these nine systems that con¬ 
tained ammonia, calcium sulfate, and monoammonium phosphate. 

In the systems of Table 2, suspensions of dicalcium phosphate, instead of 
the monocalcium salt, were used with and without calcium sulfate. The 
effect of time upon change in the solubility of the generated tertiary was 
downward in the first units of System 1 and upward in the three cor¬ 
responding units maintained at 90°C. Coincident with the progressive 
decrease in the solubility of the tertiary formed in the 30°C. units, there 
occurred an increase in the concentration of solute diammonium phosphate. 
In contrast, the progressive increase in the solubilities of the tertiary 
formed in the 90°C. systems was integrated with the progressive increase 
in the concentration of the generated monoammonium phosphate. Hence, 
after 144 hours the precipitate formed at 90°C. was more soluble than the 
corresponding precipitate formed at 30°C. This registers the progression 
in the reformation of dicalcium phosphate from the initially generated 
tertiary and the disappearance of solute diammonium phosphate. 

In the second series of Table 2 the progressive decrease in the solubility 
of the generated tertiary upon aging at 30°C. reflects the early complete¬ 
ness of the transition of the dicalcium phosphate to hydroxyapatite, but 
with illogical indication of transition to the normal phosphate ratio for the 
least degree of solubility. At the higher temperature, immediate formation 
of the hydroxy form of low solubility was registered. Upon aging, however, 
the tertiary precipitate became more soluble as the result of a decrease in 
its calcium content through the dissolvent action of the built up concen¬ 
tration of ammonium sulfate. 

EFFECT OF VARIATION IN CITRATE DIGESTIONS UPON SOLU¬ 
BILITIES OF AGED TERTIARIES OF TABLES 1 AND 2 

The variances in composition of the tertiaries obtained after 144 hours 
at the two temperatures of Systems 1, 3, and 4 of Table 1 and the two sys- 
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terns of Table 2 were explored by the variations in the technic of citrate 
digestions reported in Table 3. In seven of the nine comparisons, continu¬ 
ous agitation gave solubilities higher than those obtained by agitation at 
6-minute intervals. In every instance, a substantial enhancement in cit¬ 
rate-soluble value was registered by the continuously agitated digestion 
of the residue from the single digestion. The mean of the enhancements 
was 45 per cent. The precipitates formed at 30°C. in the no-sulfate units 


Table 3.— Effect of variation in citrate digestions upon solubilities of the 
aged tertiaries of Tables 1 and 2 



SYSTEM 


PiO»/CaO 




P.0. 




TOTAL 

CITRATE-INSOLUBLE 

CITRATE-SOLUBLE 

NO. 

TABLI 

TUMP. 

TURT1ARIU8 

PXRIODIC 

AGITATION,* 

BINGLX 

1:100 

CONTINUOUS 

AGITATION 1 * 

BINGLX DOUBLE 

1:100 1:100 

PXRIODIC 

AGITATION* 

SINGLE 

1:100 

CONTINUOUS 
AGITATION 1 * 
SINGLE DOUBLE 0 
1:100 1:100 



•c. 


per cent 

percent 

percent 

per cent 

per cent 

per cent 

per cent 

1 

1 

30 

0.839 

42.5 

19.5 

16.4 

4.0 

54.1 

61.5 

90.6 

1 

1 

90 

0.804 

42.2 

25.9 

24.4 

8.8 

38.6 

42.2 

79.1 

3 

1 

90 

0.977 

46.0 

21.8 

21.1 

13.8 

52.8 

54.1 

70.0 

4 

1 

30 

0.821 

41.8 

22.6 

20.1 

5.6 

45.9 

51.9 

86.6 

4 

1 

90 

0.658 

31.6 

8.2 

8.4 

0.75 

74.1 

73.4 

97.6 

1 

2 

30 

0.903 

44.8 

24.1 

23.4 

12.4 

46.2 

47.8 

72.3 

1 

2 

90 

1.119 

48.0 

19.5 

18.3 

14.3 

59.4 

61.9 

70.2 

2 

2 

30 

0.835 

40.3 

21.3 

21.3 

9.6 

52.8 

52.8 

76.2 

2 

2 

90 

0.830 

41.5 

26.3 

26.0 

17.8 

36.6 

37.4 

57.1 


* Manual agitation at 5-minute intervals in water bath. 

b End-over-end notation in an electrically-heated chamber (This Journal, 27 ,272 (1944)). 
0 Digestion of residue from the single digestion. 


of System 1 of Table 1 and in those of the sulfate-containing System 2 of 
Table 2 were more soluble than the corresponding precipitates formed at 
90°C. The opposite effect was obtained, however, for the precipitates from 
calcium sulfate-containing System 4. It is evident that citrate-solubility 
of the several precipitates formed in pure systems was not governed solely 
by Pj}0®:CaO ratio. 

INFLUENCE OF ADDITIVE CALCIUM SULFATE UPON P,0, TRAN¬ 
SITIONS IN AMMONIATED “TRIPLE” SUPERPHOSPHATE 

Experimental concentrated superphosphates were made by phosphoric 
acid (ortho) acidulations of both raw rock and its defluorinated quenched 
fusions. After curing one week at 50°C., the acidulates were diluted by 
additions of calcium sulfate to simulate standard superphosphate and 
controls were provided by like additions of quartz. It is improbable, how- 
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ever, that the distribution of the added dihydrate sulfate was as thorough 
as the dispersal of the anhydrous form generated during the sulfuric acid 
acidulation of rock phosphate. The experimental mixtures were given full 
ammoniations in liquid and gaseous parallels and analyzed after 7 and 30 
days. The 30-day products were allowed to dry and then were cured 30 
days at 50°C. After such curing the products were subjected to aqueous 
extractions and the water-insoluble residues analyzed for C.I. content. 

The effect of the addition of sulfate to the superphosphate from raw 
rock was apparent in the 7-day development of C.I. in the gaseous am¬ 
moniation of Table 4. This effect was increasingly pronounced after 30 
days and then was close to that shown for the liquid ammoniation parallel. 
In the absence of calcium sulfate, there was no great difference between 
the development of C.I. in the ammoniated mixtures derived from the raw 
rock and from the fused rock. The calcium sulfate additions that were 
comparable to the sulfate content of a standard superphosphate proved 
more retrogressive than the double additions. At the end of the 30- and 60- 
day periods, available P 2 0 6 percentages were comparable in the systems 
devoid of calcium sulfate and there was no consistent difference in the 
amounts of C.I. between the aqueous and the gaseous ammoniations. The 
aqueous ammoniations were, however, much more conducive to the de¬ 
velopment of C.I. during the aging of the systems that included calcium 
sulfate. 

The “proportion extracted” from the systems containing the sulfate 
exceeded that from the systems containing the insoluble quartz. In every 
comparison, however, the citrate-soluble P 2 0 B in the water-insoluble resi¬ 
due was higher for the gaseous ammoniation. The high-solubility of the 
water-extracted residues from the fused-rock derivative diluted with 
quartz, and from the raw rock derivative with the double inclusion of 
quartz, indicates the formation of precipitates other than apatites. The 
retrogressive effect of the component fluorides is pronounced, in that the 
mean overall quantity of citrate-soluble P 2 0 B in the systems from brown 
rock with quartz was only 83 per cent of that found in the systems derived 
from the fused rock plus quartz. 

Possible effect of variance in the dispersal of the additive sulfate was 
considered in the ammoniations of Table 5, in which the additions were 
made before and after acidulations. Content of “available” of the acidu¬ 
lates was not affected by variation in the manner of sulfate inclusions. The 
water-soluble PaOfi fraction of every ammoniated product was decreased 
by the addition of the sulfate. This effect was of variant extent in the 30- 
day products, but a common level was attained in the 60-day products. 
The second 30-day period brought increases in the C.I. of all mixtures to 
which full additions of calcium sulfate were made, but this was not true of 
the one-half additions made immediately before and after acidulations. 
Inclusion of the sulfate increased substantially the C.I. content of the 



Table 4. —Influence of CaSO A upon Pt0 6 transitions in superphosphates ammoniated fully with gaseous and with liquid ammonia 
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Table 5. —Influence of additions of CaSOt to rock phosphate before and after acidulation upon PiO$ transitions in superphosphates 

ammoniated fully with aqua ammonia 
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Table 6. Influence of degree of hydration of CaSOi and time of addition upon P%Ot transitions in superphosphates ammoniated 

fully with aqua ammonia 
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water-insoluble residue from all of the 60-day products other than the one 
from the superphosphate to which the half portion of sulfate had been 
added after acidulation. 

The effect of the degree of hydration of the additive calcium sulfate and 
the time of the addition were considered in the ammoniation of superphos¬ 
phates made by H3PO4 acidulations of fused brown rock. Regardless of 
variation in its degree of hydration, calcium sulfate exerted no effect upon 
completeness of the H3PO4 acidulations, all of which were more complete 


Table 7. —Effect of variation in citrate digestions upon solubilities of aged 
fully ammoniated superphosphates * 


P.0, 


CITRATB-INSOLUBLB CITRATE-SOLUBLE 


SOLIDS 

NH, 

TOTAL 

PERIODIC 

AGITATION 1 * 

SINGLE 

1:100 

CONTINUOUS 

AGITATION 0 

SINGLE DOUBLE 

1:100 1:100 

PERIODIC 

AGITATION 1 * 

SINGLE 

1:100 

CONTINUOUS 

AGITATION 0 
8INOLK DOUBLE* 1 
1:100 1:100 

Haw rock 
and CaS0 4 

aqua 

gaseous 

;per cent 

38.3 

39.4 

per cent 

25.3 

23.5 

per cent 

19.0 

21.3 

per cent 

9.40 

11.30 

per cent 

33.9 

34.0 

per cent 

50.4 

45.9 

per cent 

75.5 

71.3 

Fused rock 
and CaS0 4 

aqua 

gaseous 

35.6 

36.3 

23.8 

16.1 

14.8 

15.4 

6.20 

4.15 

33.1 

55.6 

58.4 

57.6 

82.6 

88.6 

Raw rock 
and 2CaS0 4 

aqua 

gaseous 

32.6 

37.6 

18.6 

16.0 

12.3 

15.8 

2.50 

4.40 

43.0 

57.4 

62.3 

58.0 

92.3 

88.3 


• The second, fourth, and Beventh systems of Table 4. 
b Manual agitation at 6-minute intervals in water bath. 

« End-over-end agitation in an electrically-heated chamber. 
d Digestion of the residue from the single digestion. 


than the sulfuric acid control acidulation. The substantial proportions of 
water-soluble PaOe attributable to diammonium phosphate in all of the 
ammoniated products from the H 3 PO 4 acidulates is in contrast to the vir¬ 
tual absence of water-soluble P 2 O 6 in the ammoniated product derived 
from the sulfuric acid acidulate. 

Three of the residues from leachings of 60-day ammoniated products 
were evaluated by periodically-agitated and continuously-agitated single 
and double extractions with ammonium citrate. The results of Table 7 
demonstrate that the continuous agitation effected greater dissolvence of 
all of the six ammoniated products derived from three acidulates of raw 
and fused rock fortified with additive calcium sulfate. A marked increase 
in the citrate-soluble PaOj content of every ammoniated solid was ob¬ 
tained by the double extraction. The results demonstrate that the use of a 
1-gram charge of material composed chiefly of tertiary phosphates im¬ 
poses an undue load on the conventional 100 ml. of the neutral ammonium 
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citrate dissolvent. When the conditions imposed are so extreme as those 
employed in the making of the present experimentally ammoniated prod¬ 
ucts, there appears to be no distinction between the ultimate effects by 
aqueous and gaseous ammoniations. 

SUMMARY 

Reagent mono- and dicalcium phosphates and experimental superphos¬ 
phates with variant proportions and forms of calcium sulfate were used in 
studies as to the immediate and ultimate transitions induced by aqueous 
and gaseous ammoniations at 30° and 90°C. 

The partially C.S. tricalcium phosphate formed in contact with gener¬ 
ated solute diammonium phosphate in absence of calcium sulfate at room 
temperature was rendered less soluble by aging and by elevation of tem¬ 
perature. 

Dicalcium phosphate of virtually complete solubility was formed and 
stabilized in contact with generated solute monoammonium phosphate, 
with and without incidence of calcium sulfate. 

Digestion of suspensions of reagent dicalcium phosphate in contact with 
solute diammonium phosphate at room temperature induced a relatively 
insoluble tertiary that became less soluble during aging, whereas the re¬ 
verse progression occurred in identical systems aged at 90°C. In corre¬ 
sponding systems, the inclusion of calcium sulfate caused disappearance of 
solute P0 4 and repressed the solubility of the tertiary precipitate at 
90°C. 

In the citrate digestion of the reagent-derived tertiaries, continuous 
agitation gave C.S. values higher than those obtained by periodic agita¬ 
tion, and double digestions registered substantial increases in C.S. values. 

Inclusions of calcium sulfate in the experimental concentrated super¬ 
phosphates resulted in marked decreases in W.S. and substantial increases 
in C.I. during the curing of the products from both aqueous and gaseous 
ammoniations. In every comparison of the water-insoluble residues of the 
cured products, however, the C.I. content was high for the aqueous am- 
moniation, and the lowest C.I. values were obtained in the absence of 
component fluorides. The proportion of included sulfate governed the ex¬ 
tent of C.I. induced by ammoniation, but there was no effect from varia¬ 
tions in manner of introduction or from variance in the form of the sulfate. 
Continuous agitation during citrate-digestion of the superphosphate-de¬ 
rived tertiaries gave lower C.I. values, as did dual extractions. 

The results confirm previous conclusions as to necessity for delimita¬ 
tions in the ammoniation of standard superphosphates and demonstrate 
that, under temperature control, concentrated superphosphates can be 
ammoniated highly without serious increase in C.I. percentage. The find¬ 
ings support related evidence that development of hydroxyapatite in am- 
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moniated superphosphates is conducive to the successive formation of cal¬ 
cium fluorphosphate, or apatite. 
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MOISTURE CONTENT OF DISTILLERS’ BY-PRODUCTS 
By Werner Baumgarten, Leonard Stone, and C. S. Boruff 
(Research Department, Hiram Walker & Sons, Inc., Peoria 1, Ill.) 

The determination of moisture in many natural products is not an easy 
task. 1,2 Reproducibility is often questionable. During the determination 
decomposition may occur, and at times it is hard to detect. 

Distillery by-products are becoming more and more important as 
feed stuffs, and it is therefore desirable to standardize methods for the 
determination of their moisture content, particularly since close moisture 
control of the finished materials is essential. Furthermore, incidents have 
been reported where storage bins containing distillers’ dried grains have 
ignited spontaneously, and excessive or too low moisture content was a 
contributing factor to the combustion. 


»W. L. Porter and C. O. Willits, This Journal , 27, 179 (1944). 
* L. Sair and W. R. Fetaer, Cereal Chem ., 19, 635 (1942). 
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The method for the determination of moisture used in most control 
laboratories is drying in an air oven at elevated temperatures. In such a 
method the sample size, surface exposed, and length of drying time are 
important factors. In this paper the available methods are compared in 
order to establish a satisfactory procedure. 

The materials investigated, distillers’ dried solubles and distillers’ dried 
grains with solubles, are defined by the Association of American Feed 
Control Officials as the residues obtained in the manufacture of alcohol 
and distilled liquors after the removal of the alcohol. Distillers’ dried solu¬ 
bles are the dried, water-soluble part of the total stillage obtained by re¬ 
moving the coarse particles on screens and by centrifuging, whereas dis¬ 
tillers’dried grains with solubles comprise the total dried stillage.* Samples 
were taken from regular carload lots. During the course of the investiga¬ 
tion the composition of the raw material (“mash bill”) used in the manu¬ 
facture was changed. In consequence fermentation by-products from com 
as well as from wheat were investigated. 

The composition of the mash bill is as follows: 

per cent 


Mash Bill No. 1 Corn. 86.64 

(Samples 1, 2) Rye. 3.06 

Barley Malt. 10.30 

Mash BUI No. 2 Wheat. 67.60 

(Samples 3, 4, 5) Granular Wheat Flour. 17.89 

Rye. 3.21 

Barley Malt. 11.40 

Mash Bill No. 3 Corn. 28.13 

(Samples 6, 7) Wheat . 48.58 

Granular Wheat Flour. 10.56 

Rye . 2.80 

Barley Malt. 9.93 


The following procedures were examined: 

(1) Drying in air at elevated temperatures. 

(2) Drying in vacuum with and without the use of drying agents. 

(3) The BidweU-Sterling distillation procedure. 4 

Table 1 shows the moisture content of distillers’ dried solubles deter¬ 
mined under different drying conditions. 

Higher drying temperatures always led to higher results, and decompo¬ 
sition of the samples is shown by darkening of the color after long periods 
of drying. In vacuum drying the initial loss of weight is great but “loss of 
weight” curves flatten out after several hours. In the cases where no de¬ 
composition was observed it was necessary to continue drying in vacuum 


* J. C. Bauernfeind, J. C. Garey, W. Baumgarten, L. Stone, and C. S. Boruff, Ind. Eng. Chem., 36, 76 
‘Method* of Analysis, A.O.A.C., 1940, 363. 
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for several hundred hours before drying for an additional 72 hours pro¬ 
duced no further change in weight. 

The determination of moisture by the Bidwell-Sterling distillation 
procedure has similar limitations. The use of the higher boiling solvents 
enhances the rate of distillation of the water, but decomposition of the 
sample was observed to occur. 

In Table 1 the results obtained by the use of different solvents are com¬ 
pared. The light brown color of distillers’ dried solubles changed to dark 
brown or black and a characteristic odor was noted. Decomposition due 


Table 1 . —Results on moisture in distillers * dried solubles 


OVEN METHODS 

TIME 

or 

DRYING 



8AMPLES 




l 

2 

3 

4 

5 

6 

7 


hours 



per cent moisture by weight 



Air-oven 105°C.f 

2 


3.6 

2.9 

2.7 

3.3 

2.6 

3.0 

Air-oven 105°C.* 

2 



4.2 

4.0 


3.2 

3.4 

Vacuum-oven, PaO* 









25°C.f 

300 


3.1 

2.7 

2.0 

3.0 

1.6 

2.3 

Vacuum-oven 49°C. f 

300 



3.1 

2.1 




Vacuum-oven, PaO&, 









49°C. f 

300 



3.1 

2.3 

3.2 

2.1 

2.8 

Vacuum-oven 61°C.t 

300 


3.6 

3.6 





Vacuum-oven P 2 Ofi, 









61°C.t 

300 


5.7 

3.6 





Vacuum-oven, 75°C.f 

300 


10.0J 






Distillation Methods 









Chloroform 

12 



2.5 

1.7 

2.9 

1.6 

2.3 

Carbon tetrachloride 

12 



2.2 

1.6 

1.6 

1.5 

2.2 

Benzene 

12 

1.7 

1.7 

2.6 

1.7 

2.5 

2.0 

2.7 

Toluene 

12 

3.8 

4.6 

5.4 

4.2 

5.1 

4.0 

4.6 

Xylene 

12 

6.4 

6.6 

7.5 

7.7 


6.7 

8.3 


* Aluminum weighing bottle, 63 mm. diameter Sample size, 5.0 grams, ground to pass 1 mm. screen, 
t Glass weighing bottle, 35 mm. diameter. Sample siae, 5.0 grams. Identical results were obtained by 
use of aluminum weighing bottles, 63 mm. diameter. 
t Extensive decomposition was observed. 


to protein breakdown, resulting in the formation of water-soluble prod¬ 
ucts, which accumulate in the aqueous distillate and increase the apparent 
moisture content, is indicated by the analysis of the aqueous distillate for 
its pH and nitrogen content. In Table 2 these results are compiled accord¬ 
ing to the solvents used; chloroform, carbon tetrachloride, and benzene 
enhance breakdown only slightly, whereas toluene and xylene contribute 
considerably to decomposition. However, the nitrogenous material col¬ 
lected does not account for the total error since the amount is insufficient 
regardless of the solvent used. 

Table 3 compares the moisture content of dried distillers’ grains with 
solubles determined under different drying conditions. 
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Distillers’ dried grains with solubles are more resistant toward decom¬ 
position at elevated temperatures than are distillers’ dried solubles. No dis¬ 
tillers’ dried grains are manufactured at the present time, and this prod¬ 
uct was not investigated. A sample of wet sirup, that is the evaporated 
soluble stillage containing approximately 35 per cent solids, was distilled 

Table 2.— Analysis of aqueous distillate when dried distillers’ solubles are distilled 

with various solvents 


SOLVENT 

mg. nitrogen/100 grahb or sahpli 

pH 

Chloroform 

0.14 

4.6 

Carbon tetrachloride 

0.62 

4.0 

Benzene 

0.30 

4.0 

Toluene 

19.0 

9.4 

Xylene 

23.0 

8.6 


The aqueous phase was evaporated to dryness with concentrated H*SC> 4 , 
decolorized with a few drops of cone. H 2 0 2 and the color developed with Nessler's 
reagent 4 measured in a Coleman spectrophotometer. 

Table 3. —Moisture in distillers’ dried grains with solubles 


OVEN METHODS 

TIME 

or 

DRYING 




SAMPLES 




l 

2 

3 

4 

5 

6 

7 


hours 



per cent moisture by weight 



Air-oven, 135°C.* 

2 


10.1 

13.0 

13.7 

11.1 

13.5 


Air-oven, 105 o C.f 

2 


10.5 

11.2 

11.2 

10.6 

11.2 


Vacuum-oven, P 2 0§, 

300 


8.0 

9.4 

10.4 

10.2 

10.4 


25°C.* 









Vacuum-oven 49°C.* 

300 



9.6 





Vacuum-oven, P 2 0 6> 









49°C.* 

300 


9.2 

10.2 

10.5 

10.4 

10.8 


Distillation Methods 









Chloroform 

12 



9.2 

9.5 

11.2 

10.5 

11.5 

Carbon tetrachloride 

12 



9.0 

9.2 

9.5 

10.5 


Benzene 

12 

12.4 

8.4 

9.0 

10.1 

10.2 

10.2 

11.0 

Toluene 

12 

12.9 

11.5 

10.5 

11.1 

11.2 

11.0 

11.7 

Xylene 

12 

14.4 





12.5 

14.0 


* Glass weighing bottle, 35 mm. diameter. Identical results were obtained by use of aluminum dishes, 
63 mm. diameter. Sample sise, 5.0 grams, ground to pass 1 mm. screen, 
t Aluminum dish, 63 mm. diameter. Sample sise 5.0 grams. 


with xylene, and the distillate did not show the presence of any decompo¬ 
sition products. 

The use of chloroform and carbon tetrachloride as solvents in the Bid- 
well-Sterling distillation procedure has the following advantages: (1) the 
low boiling point of these solvents decreases the chances for decomposi¬ 
tion, which seems to occur with higher boiling solvents—notably xylene; 
and (2) the suspension of the sample in these solvents eliminates the char- 


• Hawk and Bergeim, “Practical Physiological Chemistry," 11th ed., p. 707. 
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ring and burning resulting from contact with the heated flask, and insures 
better “moisture-solvent” contact. 

The moisture content of distillers’ dried grains with solubles is best de¬ 
termined by drying in vacuum at 49°C. over phosphorus pentoxide (P 2 0 6 ) 
(Table 3). The distillation with toluene shows higher apparent moisture 
content; however, decomposition products are detected in the distillate. 
Distillation with benzene is not accompanied by any noticeable decompo¬ 
sition. The true moisture content is probably between these two limits. 
The distillation with benzene gives values which are a few tenths of a per 
cent below those obtained by vacuum drying at 49°C. over P2O5, but 
might be preferable for routine analyses because of the length of time re¬ 
quired in the vacuum drying method. 

In Table 4 the moisture values for distillers’ dried solubles obtained by 


Table 4. —Comparison of moisture content of dis\illers } dried solubles obtained by 

different methods 


SOLVENT 


SAMPLE OF MABH BILL NO. 2 SAMPLES OP MASII BILL NO. 3 

3 4 5 6 7 


per cent moisture by weight 


Chloroform 

2.5 

1.7 

2.9 

1.6 

2.4 

Benzene 

2.6 

1.7 

2.5 

2.0 

2.7 

Vacuum, P 2 O ft , 25°C. 

2.7 

2.0 

3.0 

1.6 

2.3 

Vacuum, 49°C. 

3.0 

2.1 




Vacuum, P 2 O ft , 49°C. 

3.1 

2.3 

3.2 

2.1 

2.8 


distillation with chloroform and benzene are compared with those ob¬ 
tained by drying in vacuum. The values for chloroform and vacuum dry¬ 
ing with P 2 O 6 at 25°C. agree closely. With respect to the first three meth¬ 
ods in Table 4 it may be noted that solubles from Mash Bill No. 3 give 
higher values with benzene than do solubles from Mash Bill No. 2. In view 
of these facts vacuum drying at 25°C. over P 2 O 6 is proposed as the method 
of standardization for distillers’ dried solubles. This procedure is not prac¬ 
tical for laboratory control work because of the length of time required 
for the attainment of constant weight. The method most satisfactory for 
the laboratory seems to be distillation with chloroform in a Bidwell- 
Sterling apparatus. 

No definite conclusion is reached as to which condition is responsible 
for the susceptibility of the products to decomposition. The fact that wet 
sirup can be distilled with xylene without appreciable decomposition, 
whereas dried solubles show considerable decomposition may indicate that 
the heat to which the solubles is subjected during drying is responsible. 

SUMMARY 

Distillers’ dried solubles show a different moisture content when sub¬ 
jected to drying over P 2 O 6 at 25° than at 49°C. Drying at 25°C. is favored 
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because decomposition at higher temperature may occur. Drying in an 
air-oven at 105°C. leads to slightly higher results. 

Decomposition products were found in the aqueous phase when toluene 
or xylene was used in the Bidwell-Sterling distillation procedure. The wa¬ 
ter collected in the distillation showed a higher pH than that collected 
when benzene or chloroform was used. Nitrogenous material could be de¬ 
tected in the aqueous phase by Nessler’s reagent. 

The moisture content of distillers' dried grains with solubles is deter¬ 
mined by drying in vacuum at 49°C. over P 2 O 5 or by distillation with 
benzene. 


STANDARDIZATION OF ASSAY OF PENICILLIN* 

By Albert C. Hunter and William A. Randall (Food and Drug 
Administration, Federal Security Agency, Washington, D. C.) 

Methods of assay for determining the antibiotic potency of penicillin 
become more numerous as attempts are made to perform the complete 
assay within the space of a few hours and, at the same time, to attain 
greater precision. Several methods beginning with that of Fleming ( 2 ) are 
now described in the literature. If test organisms other than those now 
accepted for the assay can be used to advantage and if manifestations of 
interference with microbiological activity other than the direct measure¬ 
ment of inhibition of growth can be satisfactorily utilized as indices of 
antibiotic potency, additional reports recommending such procedures will 
appear. The original procedures described by Fleming ( 2 ) included both 
the “furrow" or “gutter" method and a serial dilution method, but 
neither provided the means for accurate evaluation of potency which was 
later taken into consideration in the cylinder plate test first described by 
Abraham, Chain, Fletcher, Gardner, Heatley, Jennings, and Florey (1). 
This method, since referred to as the cup-plate test or the ring test, has 
come into wide use probably to the complete satisfaction of no one but 
with general recognition of its usefulness as an assay procedure for routine 
work. The details of this method have been described in the cited article by 
Abraham et al. and in reports by Foster and Woodruff (7) and Schmidt 
and Moyer ( 10 ). They need not be repeated here except to point out that 
the method merely measures the zones of inhibition produced by diffusion 
of penicillin contained in small open-end cylinders placed on agar plates 
seeded with the test organism. Sharing favor with the cup-plate procedure, 
if not actually outgaining that procedure in favor at the present time, is 
the turbidimetric method, which evaluates the antibiotic potency of 


* Presented at the 46th General Meeting of the Society of Amerioan Bacteriologists, New York City, 
May 4, 1944. 
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penicillin through measurement of turbidity as correlated with inhibition 
of bacterial growth. This procedure, proposed as an alternate method of 
assay by Fleming (2) and by Abraham et al. (1), has been improved and 
the reading of turbidities enhanced by the use of the photoelectric colorim¬ 
eter. Details of the method have been discussed by Foster (4), Foster and 
Woodruff (6), and Foster and Wilker (5). 

Additional methods and modifications of the old procedures have been 
suggested. Sherwood, Falco, and de Beer (11) have proposed the use of 
filter paper discs in lieu of cylinders in the plate test. Joslyn (8) has de¬ 
scribed a turbidimetric method which permits an assay in four hours. 
Rake and Jones (9) have presented a method which utilizes hemolysis in 
evaluating the antibiotic potency of penicillin. Numerous investigators 
concerned with the problem of penicillin assay have inquired regarding 
the relative merits of aerobic sporeformers, staphylococci, and certain 
other bacteria as test organisms, all with the aim of reducing the error 
inherent in such a bioassay procedure and perhaps with the hope of arriv¬ 
ing at potency values having some meaning in terms of therapeutic dos¬ 
age. 

Fundamentally, of course, the methods proposed measure inhibition of 
bacterial growth. All the methods, if in any degree quantitative, require 
the use of a penicillin standard. The need for the development of a stand¬ 
ard to permit expression of potency in some terms, no matter how arbi¬ 
trary, was met by the early investigators in England. Since, at that time, a 
chemically pure salt of penicillin was not available, the unit of potency 
which later came to be known as the Oxford unit or the Florey unit came 
into existence. The standard then used by Abraham et al. (1) was a 
partially purified solution of purely arbitrary strength in dilute phosphate- 
buffer saturated with ether. It gave an average assay value represented by 
a zone of 24 mm. diameter on the cup-plate test. The sponsors then 
adopted as the arbitrary unit that amount of penicillin which when dis¬ 
solved in one cubic centimeter of water gave the same inhibition as this 
standard. Later, Florey and Jennings (3), for the benefit of those who used 
the series dilution method of assay, defined the Oxford unit as that 
amount of penicillin which when dissolved in 50 cc. of meat extract broth 
just inhibits completely the growth of the test strain of Staphylococcus 
aureus . 

The impracticability of using the diameter of the zone of inhibition as 
a standard, in all laboratories in this country and under all the conditions 
encountered, soon became apparent. It was necessary for those who were 
willing to sponsor a standard for use in the laboratories of the United 
States to restandardize against the Oxford unit, salts of penicillin which 
could be distributed as reference standards. These were then used for the 
preparation of further standards to be used in routine assays. This pro¬ 
cedure resulted either in the use of a standard curve based on data ob- 
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tained in the laboratory distributing the reference standard, or in the 
preparation of a new standard curve for each testing laboratory based 
upon assay of the salt of penicillin selected for daily use as referred to a 
specimen of penicillin which had been assayed against the Oxford stand¬ 
ard. Even though the reference standard was obtained from reliable sources 
of manufacture or through a generous and helpful service rendered by the 
Northern Regional Research Laboratory of the U. S. Department of 
Agriculture, difficulties developed as the number of laboratories making 
assays increased. 

In the fall of 1943, the U. S. Food and Drug Administration was called 
upon to start a regular program of penicillin assays in connection with the 
enforcement of the Federal Food, Drug, and Cosmetic Act and as a service 
to other branches of the Government. Penicillin is a “new drug” as that 
term is defined within the meaning of Section 505 of the Food, Drug, and 
Cosmetic Act. The law requires that before shipping a new drug in inter¬ 
state commerce, the manufacturer shall obtain an effective new drug 
application by filing adequate information to permit appraisal, among 
other things, of the methods of preparation of the drug and of the methods 
of control which are applied to guarantee its safety. As a part of the pro¬ 
cedure the manufacturer shall also submit to the Food and Drug Admin¬ 
istration such samples as may be required by the Administrator of the 
Federal Security Agency. Arrangements were made and have been fol¬ 
lowed for the submission to the Food and Drug Administration of samples 
from each commercial lot of penicillin manufactured, for potency assay 
and for other appropriate tests bearing upon the question of its safety for 
use. 

The difficulties of the assay became apparent before this program had 
proceeded more than a few weeks. Inexplicably wide discrepancies were 
encountered between potency values assigned by the manufacturer and 
those ascertained by the Food and Drug Administration. The explanation 
might lie in any one, or combination, of the many variables inherent in the 
assay procedure, including the lack of a penicillin standard available for 
universal use. The variations in assay are illustrated by data gleaned from 
the records covering the examination of penicillin during the initial three 
months of the program. These data are presented in Table 1. 

Taking the products of Manufacturers D and G as examples, assay 
values for the contents of an ampul were obtained 130 and 101 per cent 
higher than those declared on the label. On ampuls representing other lots 
from the same manufacturers assay values 40 and 65 per cent below the 
declared potency were obtained. It is interesting to note, for comparison 
with other data to be presented, that the average assay determinations 
made by the Administration during the period covered by Table 1 were 
substantially higher than those of the manufacturer. 
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As indicated previously, one of the variables that had to be resolved 
was the reference standard. By common consent, the responsibility and 
sponsorship for a penicillin standard were placed upon the Food and Drug 
Administration at least until some other agency is in position to assume 
the burden. 

With the preparation of crystalline penicillin sodium even on a very 
limited research laboratory scale, it became possible to create a master 
standard consisting of the chemically pure sodium salt. The present 
scarcity of the crystalline material prohibits its distribution for use as a 
standard at this time. However, this situation is taken care of by the use 
of a secondary or reference standard with a value determined by assay 
against the master standard. 

Through the generosity of three of the larger producers of penicillin, a 
quantity of pure crystalline penicillin sodium sufficient for the purpose 
was donated to the Food and Drug Administration for use as the primary 
standard. The contribution of each manufacturer was studied by evaluat¬ 
ing such of its properties as seemed pertinent to determine its identity, 
and when it was found that the three lots were identical they were mixed 
and the pooled lot was assayed. At this stage of the standardization pro¬ 
gram, there were clear indications that the potency of the crystalline 
sodium penicillin was such that, for purposes of potency description, it 
would be possible to abandon expressions of potency in terms of the Ox¬ 
ford unit in favor of milligrams of active penicillin without disturbing the 
clinician or confusing the results of all work heretofore done on the Oxford 
unit basis. If, as it appeared from the assays, the value of the crystalline 
material in terms of Oxford units was approximately 1600 per mg., transi¬ 
tion to measurement in terms of milligrams could be accomplished without 
serious disturbance to existing manufacturing and ampul-filling practices. 

Eight collaborating laboratories, comprising seven manufacturers of 
penicillin and the Northern Regional Research Laboratory at Peoria, were 
asked to assay the pooled lot of crystalline penicillin sodium against the 
standard currently being used in those laboratories. The requested col¬ 
laboration was enthusiastically given. The results of this rather extensive 
series of assays are summarized in Table 2. 

From the data in Table 2 it is obvious that an assigned value of 1650 
units per mg. for the pure crystalline penicillin sodium would not be 
materially out of line with its Oxford unit value. Therefore, a potency of 
1650 units per mg. has been ascribed to the crystalline penicillin now 
adopted as a master standard. As a matter of equivalents, this means that 
the ampul of an impure salt of penicillin designated as containing 100,000 
units will contain the antibiotic activity of 60 mg. of pure penicillin so¬ 
dium and may be so labeled. Simple computation shows, of course, that 
60 mg. is really 99,000 units in terms of the master standard, which is 
sufficiently close for label declarations of potency and obviates the neces- 
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sity of establishing the value of the standard at a figure carried to the last 
digit or perhaps to the decimal. The unit although reasonably close is not 
the Oxford unit. The suggestion is made that the unit as an expression of 
potency might be carried only until routine practice has come to accept 
measurement of potency in terms of weight of pure penicillin. 

As a reference standard, the Food and Drug Administration has been 
supplied by one of the large manufacturers with a quantity of penicillin 
calcium of sufficient size to permit distribution to those who have a legiti- 


Table 2. —Collaborative assays of crystalline penicillin sodium for use as 

primary standard 



RANOX or ASBAY 

AVXRAOB 

RBMARKS 

LABORATORY 

oxroRD unitb/mo. 

OXFORD UNITB/MO. 

A 


1515 

28 assays—14 days 

C 

1617-1914 

1749 


D 

1290-1710 

1480 

14 assays 

E 

1650-1665 

1660 

Cup-plate assay 


1682-1715 

1699 

Turbidimetric assay 

F 

1450-1610 

1542 

Series dilution assay 


1319-1642 

1480 

1580 

Cup-plate assay 
Turbidimetric assay 

H 


1596 

37 assays 

I 


1595 

2 standards used 

NRRL 

1350-1615 

1494 

Staph, aureus 
(a) standard 


1535-1600 

1569 

Staph, aureus 
(b) standard 


1465-1760 

1592 

B. subtilts 
(a) standard 


1890-2110 

1972 

B. subtilis 
(b) standard 

F&DA 

1426-1780 

Average 

1566 

1606 

9 assays in 2 months 


mate need for it. The same laboratories where assistance was obtained in 
arriving at a value for the master standard were asked to assay this cal¬ 
cium salt against the master standard at a value of 1650 units per mg. 
The values obtained by the nine participating laboratories are presented 
in Table 3. 

Unless or until there is a demonstrated loss of potency of this calcium 
salt, it is to be used as the reference or secondary standard with an as¬ 
signed value of 370 units per mg. as related to the master standard at 1650 
units per mg. Referred to the primary standard, each milligram of the sec¬ 
ondary standard has the equivalent of the activity of 224 micrograms of 
the pure crystalline penicillin sodium. As long as the Food and Drug 
Administration bears the responsibility for the maintenance and distribu¬ 
tion of the standard, both the master standard and the secondary stand¬ 
ard will be assayed periodically to follow closely the stability of the 



436 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [VoZ. XXVII, No. S 


crystalline salt and to provide assurance as to the relationship of the two 
standards to each other. 

In January 1944, this Laboratory started using crystalline penicillin 
sodium as the standard, at a value then ascribed as 1600 units per mg. We 
also utilized the calcium salt secondary standard with a value of 350 units 
per milligram at that time given to it. As soon as the progress of the 
standardization program permitted, these values were changes to 1650 
for the master standard and 370 for the secondary standard, and assays 
since then have been made on that basis. The data in Table 1 show the 

Table 3. —Collaborative assays of penicillin calcium (against crystalline standard at 



1650 u./mg.) for 

use as secondary standard 

LABORATORY 

RANGE OF ASSAY 

AVERAGE 

REMARKS 

A 


370 

20 assays—10 days 

C 

344-352 

348 


D 


376 

16 assays 

E 

378-427 

394 

Cup-plate assay 

F 

294-380 

343 

Series dilution assay 


400-416 

408 

Cup-plate assay 



362 

Turbidimetric assay 

H 


365 

Series dilution assay 

I 


385 


NRRL 

362-414 

379 

Staph, aureus 


363-406 

380 

B. subtilis 

F&DA 

334-373 

352 

10 assays in 2 months 


Average 

372 



wide variations between the manufacturers’ assays and Food and Drug 
Administration assays on ampuls submitted during the initial three 
months of activity. In Table 4 data similarly compiled from assays made 
during a period of approximately three months following the adoption of 
the new standard show better agreement. 

With a few exceptions where Government assays were notably out of 
line with those of the manufacturer, which might be explained by any of 
several factors, the variations are probably no greater than may be ex¬ 
pected in bioassay procedures conducted on entirely different samples of a 
drug product, even though derived from the same parent lot of material. It 
is noteworthy that, contrary to the trend of the first three months, the 
averages of Government assays for each manufacturer’s penicillin for the 
period covered by Table 4 were generally below those of the producer and 
in those two instances where they were greater, the difference was materi¬ 
ally reduced. 

The authors are entirely conscious that there are numerous factors other 
than the standard influencing the assay which need standardization. We 
have in mind: the test organism to be used, the density or amount of the 
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inoculum, the composition and amount of the culture medium, the period 
and temperature of incubation of the test plates or tubes, and the method 
used for computing the value of the unknown sample against the standard, 
especially in the plate method. Undoubtedly, there are other factors af¬ 
fecting the assay which should be subject to more precise control than is 
now possible with our limited knowledge. However, it is doubtful that any 
thing/inore than impressions of their relative importance could be pre¬ 
sented with the present paucity of information. Certainly there is no in¬ 
tention of going into such details in this report. Eventually, a truly stand¬ 
ardized assay procedure will of necessity cover these items. At this time it 
is sufficient to announce the establishment of the penicillin standard and 
to express the hope, and possibly the prediction, that the universal adop¬ 
tion of the standard will be reflected in more consistent assay results. 
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DETERMINATION OF CARBONATES IN FEEDS 

By G. S. Fraps (Agricultural Experiment 
Station, College Station, Texas) 

Calcium carbonate is now being added to many mixed feeds, but es¬ 
pecially to chicken feeds, for the purpose of supplying calcium, and 5 per 
cent is also sometimes added to such feeds as cottonseed meal to balance 
the phosphorus content. Carbonates are naturally present in bone meal 
and meat by-products containing bone, but occasionally excessive quan¬ 
tities are present. Carbonates in feeds can be determined by modifications 
of the A.O.A.C. method used for baking products. 1 The modifications in¬ 
volve strength of acid, quantity of sample, and shaking of the mixture of 
sample and acid, and they also require an evolution flask so connected to 


> Methods of Analysis, A.O.A.C 1940, 186, 4-6. 
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the apparatus with rubber tubing that the flask can be shaken. The condi¬ 
tions required to give accurate results were studied by J. F. Fudge in con¬ 
nection with various feeds alone and also when mixed with 5 per cent of 
oyster shell of known calcium carbonate content. With oyster shell alone, 
low results were obtained when sulfuric acid (1+5) was used, the carbon 
dioxide evolved being equivalent to only 82.7 per cent of the calcium car¬ 
bonate known to be present. With 1+9 hydrochloric acid, the calcium car¬ 
bonate content was 100 per cent of that known to be present. With one 
sample of bone meal 20 ml. of hydrochloric acid 1+9 gave only 1.38 per 
cent calcium carbonate, while 20 ml. of 1+2 acid gave 6.38 per cent. 

The manner and extent of shaking affected the results. Wheat products 


Table 1 . —Percentage of COi expressed as CaCO 8 in some feeds 
Alfalfa leaf meal: .13, 19, .15. 

Bone meal: 2.33, 1.94, 4.81, 5.24, 4.63, 7.08, 1.60, 2.03, 2.47, 2.42, 2.52, 2.29. 
Buttermilk, dried: .07 

Cottonseed meal: .03, .03, .05, .03, .05, .11, .05, .03, .10, .10 

Dried citrus pulp: .15 

Fish meal: .68, .45 

Gluten feed: .03, .08 

Dried kelp: .96 

Linseed meal: .15 

50% protein meat and bone scraps: 1.19, 1.42, .86, 1.33, 1.45, 1.29, 2.28, 1.54, 1.60, 
1.63, 1.21, 1.33 
Oats, whole: .05 
Peanut hay: .10 

Rice bran containing precipitated carbonate of lime: 1.98, 2.92, 1.60, 1.64, 1.93, 
3.09, 3.20 

Rice polishings: 2.57, 1.27, .41 
Tankage: 1.15 

Wheat bran and screenings: .10 


formed a pasty mass, which held carbon dioxide, and continuous, vigorous 
shaking for 5 minutes was required to secure correct results. With inter¬ 
mittent shaking for only 2 minutes during a period of 5 minutes, results 
averaged 0.65 and 0.40 per cent too low for wheat bran and wheat gray 
shorts, respectively. The percentages of carbon dioxide, expressed as cal¬ 
cium carbonate, found in some samples are given in Table 1. Small 
amounts of gas were measured from all the samples of unmixed feeds. The 
quantity was equal to less than 0.15 per cent calcium carbonate with most 
of the feeds, but with two samples of wheat gray shorts it was 0.31 and 
0.36 per cent, respectively. Whether this gas is occluded air or absorbed 
carbon dioxide, or is due to decomposition of uronic acid compounds has 
not been ascertained. Carbonates are found in bone meal, meat and bone 
scraps, tankage, fish meal, rice bran, and rice polish. There would be sus¬ 
picion of added calcium carbonate if the quantity in bone meal exceeds 
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2.5 per cent, or if it exceeds 1.5 per cent in meat and bone scraps. Carbon¬ 
ate of lime is used by some rice millers to aid in polishing the grains of 
rice, and this explains its presence in rice polish and rice bran. 

The details of the method used for the determination of carbon dioxide, 
to be calculated to calcium carbonate, are as follows: 

METHOD OF ANALYSIS 
APPARATUS 

Use for the decomposition bottle a 6 oz., low, wide-shaped sample bottle fitted 
with a rubber stopper and rubber tubing. It should be capable of containing a glass 
vial, 20 X 70 mm., covered with adhesive tape to minimize breakage. Connect the 
bottle directly by rubber tubing to a gas-measuring apparatus similar to that used 
for COj in baking powder* and which is filled with the solution prescribed in Section 
4 (same reference). 


DETERMINATION 

Place 7 grams or the factor weight* of the mixed feed in the decomposition flask, 
put 20 ml. of HC1 (1 +9) in the vial inside the flask, and connect the flask with 
the gas-measuring apparatus. Allow the apparatus to stand a few minutes to 
equalize the temperature. Equalize the pressure by leveling the liquid and opening 
the stopcock from the bottle to the outside air, then from the gas tube. Lower the 
leveling bulb to reduce the pressure within the apparatus; then tilt the decomposi¬ 
tion flask so the acid comes in contact with the sample, and vigorously agitate the 
flask 5 minutes to secure intimate mixture of the contents. 

If the factor weight is used, the number of ml. of gas evolved divided by 20 
gives the C0 2 expressed as percentage of CaCO s . Read the temperature and pressure 
again to see if there is any change. If the C0 2 exceeds 110 ml., repeat, using half the 
sample weight previously taken. 

If the feed mixture gets thick, use continuous and vigorous shaking. For thin 
mixtures, shake 1 minute vigorously at start and finish. 

* Ascertain the temperature in °C., read close to the C0 2 apparatus. Read the 
barometric pressure in mm. of mercury, then find the factor weight to be used 
(calculated by multiplying the weight of 1 liter of C0 2 under like conditions, ob¬ 
tained from the table,* by 4.5496). Weigh the sample and do the work immediately 
as temperature and pressure may change. For bone meal, use 20 ml. of HC1 (1H-2) 
and half the factor weight; for meat products containing much bone meal, use 1 -f2 
acid but full factor weight; and when oyster shell or limestone is to be tested use 
1/20 of the factor weight. 


DETERMINATION OF ELEMENTAL SULFUR IN INSECTI¬ 
CIDES AND FUNGICIDES 

By G. S. Fraps and T. L. Ogier (Texas Agricultural Experiment 
Station, College Station, Texas) 

Elemental sulfur is used in considerable quantities as an insecticide and 
fungicide. It is applied as a dust or in a spray, in the latter case being 


* Method « o/ Analysis, A.O.A.C ., 1940, 186. 

• Ibid., 719. 
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mixed with chemicals which cause it to be wet by water (wettable sulfur). 
It is used alone or mixed with other insecticides or fungicides. When used 
as a dust, the fineness is often specified, such as “93 per cent passes a 325- 
mesh sieve.” The statement of fineness is required by some state laws. 

In spite of the large quantities sold, the A.O.A.C. has no method for 
the determination of elemental, or free, sulfur in such insecticides and 
fungicides. The method here suggested for further study is based upon the 
well-known fact that crystalline sulfur is easily dissolved by carbon di¬ 
sulfide, and on the further fact that other carbon disulfide-soluble sub¬ 
stances are usually absent. The sulfur so dissolved is usually oxidized by 


Table 1 . —Free sulfur in some insecticides and fungicides 


Niins 

Sulfur-calcium arsenate 
Sulfur-copper arsenate 
Sulfur-calcium arsenate 
Sulfur-calcium arsenate 
Sulfur-calcium arsenate 
Dusting sulfur 
Calcium arsenate and sulfur 
Dusting sulfur 
Sulfur-calcium arsenate 
Sulfur-calcium arsenate 
Dusting sulfur 
Sulfur-calcium arsenate 


CLAIMED FOUND 


per cent 

percent 

63.0 

64.56 

63.0 

64.74 

61.0 

61.23 

63.0 

62.67 

49.7 

48.99 

99.5 

99.65 

66.3 

65.30 

93.0 

93.70 

49.0 

50.75 

70.0 

70.87 

99.5 

99.71 

46.0 

46.20 


bromine and determined as barium sulfate, 1 Amorphous sulfur is not solu¬ 
ble in carbon disulfide but appreciable amounts of it are not likely to be 
present in insecticides such as are here considered. Amorphous sulfur is 
converted by heat into crystalline sulfur. Amorphous sulfur in sublimed 
sulfur may also be determined by extracting the crystalline sulfur and 
weighing the residue. 2 

The quantity of carbon disulfide to be used and the number of washings 
were decided upon after a number of preliminary tests. The method was 
tested by washing the samples as described, drying, and weighing the 
crucible, and then washing again with carbon disulfide. There was no 
further loss in weight. 

THE METHOD 

Use a frittered-glass filtering crucible or a Gooch crucible prepared with asbestos 
and dried. Using suction, wash crucible two or three times with CS 2 . Since CS 2 will 
ignite easily keep it at least 6 feet from a flame. Dry in an oven at 100°C. for 1 hour 
or longer. Place in a desiccator, cool, and weigh. Weigh 2 grams of the sample into 
the crucible and dry at 100°C. for not more than 2 hours. (If the crucible is dried 
longer there may be loss of sulfur.) Cool in desiccator, and weigh. The loss in weight 
is moisture. Report as water to 0.01 per cent. 


* This Journal. 25, 349 (1942L 

* Scott, “Standard Methods of Analysis,“ 4th ed., 519a. 
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Place the crucible on the filtering flask, add 10 ml. of CSt, and stir gently with a 
glass stirring rod, breaking up any lumps. Using suction, draw off the CSt, and 
then wash four times with 10 ml. portions of CSj, using suction. Dry at 100°C., cool 
in a desiccator, and weigh. Subtract this weight from the weight obtained after 
drying the crucible and contents. Report the difference as free sulfur, calculated 
to 0.01%. 


Some analyses of commercial samples of sulfur-bearing insecticides are 
given in Table 1. The method seems to be well adapted to checking the 
guarantee made on sulfur and sulfur mixtures. It is of course not applicable 
to mixtures containing fats, oils, or other substances besides sulfur that are 
soluble in carbon disulfide. 


IMPROVED APPARATUS FOR MOISTURE DETERMINATION 
DISTILLATION WITH ACETYLENE TETRA¬ 
CHLORIDE (TETRACHLOROETHANE) 

By Elmer Phillips and J. D. Enas (El Dorado Oil Works, 
Oakland, Calif.) 

In the vegetable oil industry it is desirable to control the moisture con¬ 
tent of the material passing through the mechanical presses to ensure a 
satisfactory extraction of the oil. 

Distillation procedures, both by direct and reflux distillation, have been 
suggested (1-9). Various immiscible solvents both heavier and lighter than 
water have been used, but the trend is toward the use of the heavier 
solvents (10-16) for products which do not contain materials which yield 
excessive moisture from decomposition at the boiling temperature of the 
solvent. 

During the spring of 1937, a system was developed for the rapid deter¬ 
mination of moisture and recovery of the solvent. The several types of 
apparatus which had been suggested for use with tetrachloroethane 
(B.P. = 146.3°C.) were not readily adapted to rapid analyses on a large 
scale. A satisfactory apparatus for this purpose was devised, and it is de¬ 
scribed in this paper. The apparatus, of course, could be used with other 
heavy solvents as well. 

DESCRIPTION OF APPARATUS 

Automatic Control of the Units .—A battery of four distillation units was 
equipped with an automatic timer that shut off the gas after a suitable in¬ 
terval of time. The timer was hooked up in series with a 110-24 volt trans¬ 
former and a magnetic gas valve commonly used in conjunction with an 
electrical thermostat for household heating units. The magnetic valve 
controls the flow of gas into a pipe provided with sufficient outlets 
(equipped with petcocks) to supply the several units of the series; an- 
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other lead into the pipe is equipped with an ordinary gas valve in case any 
mechanical defects should arise in conjunction with the automatic con¬ 
trol. 

Single Unit of the Series .—The details of the construction and the di¬ 
mensions, which must be adhered to closely in order to obtain satisfactory 
results, are shown in Figure 1. A wide-mouthed, 500 ml. Erlenmeyer flask 
contains the sample plus sufficient tetrachloroethane to eliminate any 
burning of the sample. The flask is connected to column B by a No. 26 
cork stopper, which is cemented to column B by a resistant, synthetic 
resin.* Column B is insulated with several layers of asbestos, which is ap¬ 
plied wet and trapped with gauze. After drying the outside is painted 
with sodium silicate to hold the insulation rigid. Column B leads into 
condenser C, which in turn conducts the condensed liquids into the buret 
column D, where the aqueous layer is read by ruler R. The buret is cali¬ 
brated by marking the heights of 1 ml. increments of water on the ruler, 
and these divisions are later subdivided into tenths. The return tube, E, 
eliminates draining during the distillation and also reduces the volume of 
reagent needed by continuous replacement. The apparatus is constructed 
entirely of Pyrex glass. 

An experimental apparatus was made similar to the units described 
above, with a ground-glass joint on a petcock attached at hole H. The pet- 
cock could be turned either to a vacuum system during distillation or to 
the atmosphere in order to break the vacuum after a run. A heavy Pyrex 
glass vacuum flask was substituted for the Erlenmeyer flask. It was 
thought that by distilling under vacuum more nearly accurate results 
could be obtained by reducing the boiling points of the liquids. In this 
way it was hoped that decomposition of sugars and other materials that 
give water of decomposition could be entirely eliminated. However, en¬ 
trainment of water occurred in return tube E, which gave unreliable re¬ 
sults even when the heat applied was cut to a minimum. It is possible that 
where greater accuracy is desired some slight alteration in construction 
and choice of reagent might give more nearly accurate results with vacuum 
distillation. 

Figure 2 illustrates in detail the laboratory stand (U. S. Patent No. 
2202265, May 28, 1940). 

PROCEDURE 

The finely ground material (50 grams) is weighed out into a beaker and trans¬ 
ferred into the 500 ml. Erlenmeyer flask by means of a copper funnel constructed to 
fit snugly inside the neck of the flask; and 150 ml. of tetrachloroethane is introduced 
into the flask by means of a dispensing buret which is automatically refilled by a 
slow running siphon. The contents are shaken, and the flask is seated on the cork. 
While holding it in this position with one hand, support ring 7, which is in “position 


* A satisfactory resin is sold by the Triangle Paint Co. f Berkeley, Calif., under the trade name of 
*Tn««oI. M 
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for replacing flasks,” (Fig. 1) is depressed and rotated to a position directly under the 
flask by grasping sleeve 6 (Fig. 2) with the other hand. The spring must be adjusted 
previously to a suitable tension to insure no possibility of a leak at the junction of 
the cork and flask. No readjustments are needed for months. 

The buret column, D, is filled to the level of point A through the hole H with 
tetrachloroethane by means of a wash bottle equipped with a pressure bulb. The 



automatic timer is turned to 15 minutes, and the gas is lighted. (For consistent 
results this time should be adhered to closely.) After the elapsed time the operator 
reads the volume of water with the aid of ruler R. Occasionally it is necessary to 
loosen some of the tetrachloroethane from the upper meniscus (due to surface ten¬ 
sion) by inserting a fine wire through the hole H. Several determinations are run 
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without draining the buret column D, the number possible depending upon the 
moisture content of the material being tested. 

Recovery of “spent” tetrachloroelhane .—Probably the most efficient recovery 
is obtained by steam distillation of the residue (including the sample). Tin appears 
to be reasonably resistant to the action of this reagent. Because of these facts it was 
found expedient to construct a steam still with a heavy tin plating and a condensing 
coil of block tin. The condensed liquids are conducted into a 5 gallon bottle, and the 
water from the distillation overflows into a sink while the tetrachloroethane remains 
in the bottle as the heavier liquid phase. The still is emptied by means of a valve 
and drain leading directly into the sewer system. 

The results obtained by this method are usually reproducible within 
the ability to read the buret column. In comparison with the electric oven, 
the results for the material used are approximately equivalent to drying 
for 3.5 hours at 110° C. and consistently higher than those obtained with a 
2-hour drying period. 


PRECAUTIONS 

(1) The dimensions should be adhered to closely, as they have been 
carefully worked out in detail from experience with several experimental 
pieces of apparatus. Where the return tube E enters column B at A, 
tube E is shrunk sufficiently to prevent water from adhering to glass A. 
If a drop of water should cling at A owing to improper proportion of tube 
E, this remains constant in volume and can be corrected for in the first 
distillation of a series. The succeeding runs, before draining, have been 
found to be constant in such a case. 

(2) Sufficient heat must be supplied to the flask in order to make this 
method rapid. 

(3) The glass tubing used for the buret column must be of a uniform 
bore. 

(4) After draining, the buret column must be filled to the level of A or 
water collecting in return tube E will expand suddenly when forced out 
into column B and may cause a loss of moisture through hole H. 

(5) The series should be set up in a fume hood provided with a powerful 
fan as tetrachloroethane is toxic. (The inside of the fan needs a protective 
paint.) The wash bottle used to fill the buret column should be provided 
with a pressure bulb. 


ADVANTAGES 

(1) Ease of manipulation: saves time by use of the automatic timer and 
the improved laboratory stand. 

(2) The ruler R eliminates one subtraction from each determination in 
a series and is easier to read than the etchings on an ordinary buret. 

(3) The danger of leaks due to improper seating between the cork and 
flask is eliminated by the spring on the laboratory stand. 

(4) The recovery system for the solvent is very efficient and convenient. 



446 association or official agricultural chemists [Vol XXVII , No . S 

ACKNOWLEDGMENTS 

The work was suggested by E. A. Seidenspinner, El Dorado Oil Works, 
San Francisco. The writers are also greatly indebted to W. J. Cummings, 
College of Chemistry, University of California, Berkeley, for helpful sug¬ 
gestions in the construction of the glass units. 

LITERATURE CITED 

(1) Wiegand, E. H. and Bullis, D. E., Oregon Agr. Expt. Sta. Circ ., 82, pp. 1-8 
(1927). 

(2) Wright, P. A., /. Dairy Sci., 11, 240-242 (1928). 

(3) Bidwell, G. L. and Sterling, W. F., Ind. Eng . Chem., 17, 147-149 (1925); 
This Journal , 8, 295-301 (1925). 

(4) Nichols, P. F., Fisher, C. D., and Parks, W. J., Western Canner and Packer , 
May 1931. 

(5) Dean, E. W. and Stark, D. D., Ind. Eng. Chem. } 12, 486 (1920). 

(6) Pyanischnikow, N. D. and Talnow, S. M., Z. anal . Chem ., 76, 161-166 
(1929). 

(7) Jones, J. M. and McLachlan, T., Analyst 52, 383-387 (1927). 

(8) Duval, J. W., U.S.D.A. Circ. 72 (1910). 

(9) Bleyer, B. and Braun, W., Z. anal. Chem., 83, 241-268 (1931). 

(10) Benz, G., Konserven-Ind ., 17, 717-719 (1930). 

(11) Van der Werth, A., Chem. Ztg., 52, 23-24 (1928). 

(12) Thielepape, Ernst and Fulde, Alfred, Z. deut. Zuckerind ., 81, 567-589 
(1931); Z. Wirtschaftsgruppe Zuckerind. r 87, 333-342 (1937). 

(13) Lepper, W., Z . Untersuch. Lebensm 59, 79-81 (1930). 

(14) Pritzker, J. and Jungkunz, Robert, Z. Untersuch. Lebensm ., 57, 520-524 
(1929); Pharm. Acta. Helv., 5, 1-9 (1930). 

(15) Kingman, W. A., Ind. Eng. Chem., 18, 93-94 (1926). 

(16) Bailey, A. J., Ind. Eng. Chem., Anal. Ed., 29, 568-569 (1937). 


IDENTIFICATION OF MONOCHLORACETIC ACID AS BARIUM 
MONOCHLORACETATE 

By John B. Wilson and George L. Keenan (Food and Drug 
Administration, Federal Security Agency, Washington, D. C.) 

When considerable proportions of monochloracetic acid are present and 
when other acid constituents soluble in ether are not present in excessive 
quantities, it has been found possible to identify the acid in the form of its 
barium salt. The procedure used follows: 

PREPARATION OF THE BARIUM MONOCHLORACETATE 

To 100 ml. of solution containing 50 mg. or more monochloracetic acid, add 
3 ml. of H s S 0 4 and extract with an equal volume of ether in a separatory funnel. 
In cases where emulsions form, extract in an automatic extractor for 1 or 2 hours. 
Transfer the ether extract to a separatory funnel and add a few drops of phenol- 
phthalein indicator. Now add 5 ml. of ±0.1 N Ba(OH)* and shake for 30 seconds. 
If the water layer takes on the pink color of phenolphthalein, transfer through a 
filter paper to a small beaker. Add ±0.05 N acetic acid until colorless and evapo- 
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rate to 1-2 ml. on the steam bath. Allow the remaining liquid to evaporate spon¬ 
taneously in the air and finally in a desiccator. If 5 ml. of Ba(OH)* docs not give a 
pink water layer, add 5 ml. more and shake before separating. Repeat the extraction 
with Ba(OH)t several times or until a pink solution is obtained, evaporating each 
barium solution in a separate beaker. Examine the crystals under the polarizing 
microscope. 

OPTICAL-CRYSTALLOGRAPHIC PROPERTIES OF BARIUM 
MONOCHLORACETATE 

Barium monochloracetate monohydrate crystallizes from water in 
plates, many of which are hexagonal in habit (Fig. 1), and frequently they 
form in overlapping layers (Fig. 2). Even in material that has been finely 
powdered for microscopic examination, the pointed terminations of the 



Fig. 1.—Barium monochloracetate, typical habit 

plates, often in pairs, can be observed. In parallel polarized light (crossed 
nicols), the extinction is parallel and the sign of elongation negative on 
the more elongated plates. The plates invariably extinguish sharply with 
crossed nicols and therefore interference figures were not observed in con¬ 
vergent polarized light (crossed nicols). In view of the fact that the plates 
persistently lie in one orientation the significant refractive indices were 
determined by the statistical method, and the lowest and highest indices, 
respectively, were measured on plates showing the maximum amount of 
double refraction. These two indices are therefore arbitrarily designated 
as n« (the minimum value) and n y (the maximum value). The two sig¬ 
nificant refractive indices are: n a ■= 1.582 and n 7 = 1.611, both ±0.002, and 
frequently shown on the platy fragments. 

When applied to water solutions the procedure was successfully used to 
identify monochloracetic acid when 10 mg. was present in 100 ml. of solu¬ 
tion. In the case of creme soda and orange soda packed for the study of 
the persistence of monochloracetic acid in carbonated beverages 1 the sam- 


i This Journal , 25, 145 (1942). 
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Fig. 2.— Barium monochloracetate (100 X). 

pies containing 30 mg. of monochloracetic acid in 100 ml. gave positive 
tests. From other samples containing substances that interfered with crys¬ 
tallization, no identifiable crystals were obtained. 

Solutions containing dichloracetic acid yield a barium compound that 
produces a vitreous residue, which is hygroscopic. A crystalline barium 
trichloracetate is formed under the conditions set forth, but so far has not 
been found suitable for microscopic identification although it crystallizes 
in a habit distinctly different from barium monochloracetate. 

HEXABROMIDE METHOD FOR DETECTION OF SMALL QUAN¬ 
TITIES OF LINOLENIC ACID IN ANIMAL FATS 

DETECTION OF HORSE MEAT IN ADMIXTURES WITH 
PORK OR BEEF 

By G. K Crowell (Division of Chemistry and Sanitation, New Hamp¬ 
shire State Department of Health, Concord, N. H.) 

Hexabromide values have been used by many investigators in oil assay. 
Bailey and Johnson 1 determined the hexabromide values of salmon oils as 


1 Ind. Eng. Chem., 10, 990-1001 (1918). 
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a means of identifying the species of salmon from which the oils were de¬ 
rived. Bailey and Baldsiefen 2 utilized hexabromide values to detect oils 
other than linseed in paints. Steele and Washburn 8 give in detail a hexa¬ 
bromide method for linseed oil. Paschke 4 observed that fatty acids derived 
from horse fat gave higher hexabromide values than did those derived 
from pork, beef, or mutton. Shepard, Fisher, and Bailey 6 report higher 
hexabromide values than those obtained by Paschke when using the same 
procedure. 

The author, when investigating the Paschke procedure, obtained hexa¬ 
bromide values for horse, pork, and beef fat higher than those reported by 
Paschke but lower than those reported by Shepard, Fisher, and Bailey. 
Owing to the wide variance of results obtained with the Paschke procedure 
a modified method is presented. This method takes into consideration the 
solubility of the precipitated hexabromide derivative and prevents the 
precipitation of fatty acids other than hexabromide fatty acids during 
the bromination procedure. This was found to be extremely important in 
that it was impossible to obtain duplicate checks unless these factors were 
controlled. 

The fat used for the analyses was extracted from lean, untreated meat 
which contained an average amount of fatty tissue. The use of straight 
fat was avoided owing to the known varying composition, depending upon 
the portion of the animal from which the fat was removed. The meat rep¬ 
resents cuts on retail sale at local markets used in the preparation of ham- 
burg steak and sausage. The horse meat was on sale as either steaks or as 
dog food. All fat mixtures were made from extracted fat and not from the 
original meat. 

The details of the proposed method follow: 

METHOD 

EXTRACTION OF FAT 

Pass the meat sample twice through a meat grinder, place in a beaker, and 
warm to about 60°C. in a drying oven. Remove the beaker from the oven and add 
sufficient petroleum ether to completely cover the meat. After the ether has ceased 
to boil, cover the meat with more ether and allow to stand overnight at room tem¬ 
perature. Filter the fat-ether mixture through a dry filter and allow the ether to 
evaporate on a steam bath in the presence of a stream of nitrogen or carbon dioxide. 
Store the ether-free fat in a refrigerator until used. 

SAPONIFICATION OF FAT 

Reflux 10 grams of the extracted fat with 100 ml. of 0.5 N alcoholic KOH for 
30 minutes. Transfer the hot liquid to a distilling flask and remove approximately 
80 ml. of the alcohol by distillation. Add 250 ml. of distilled water to the flask and 


*Ind. Eng. Chem., 12, 1189-1194 (1920). 
•/Wd., 52-59. 

« Z. UnUrtueh. Lebensm76, 476 (1938). 
• Conn. Agr. Exp. Sta. Bull. 475 (1943), 
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transfer the solution to a large separatory funnel. While the liquid is still warm, 
add 15 ml. of 5 N HjSOi, 250 ml. of saturated salt solution, and 50 ml. of dry ethyl 
ether. Shake the funnel vigorously and allow the layers to separate. Withdraw the 
ether layer and wash with 3-15 ml. portions of saturated salt solution. Filter the 
washed ether through a dry filter into a 50 ml. volumetric flask and cool to refriger¬ 
ator temperature (5°-10°C.). Make to volume with dry ether at this same tempera¬ 
ture. 


PRECIPITATION O T HEXABROMIDE 

Place 10 ml. (2 grams) of the ether extract containing the fatty acids into a 
tared centrifuge tube (6*Xl r ). Add 15 ml. of anhydrous hexabrominated-saturated 
ethyl ether plus 2 ml. of glacial acetic acid. (The anhydrous ethyl ether was satu¬ 
rated at refrigerator temperature with hexabromide formed from the bromination 
of fatty acids present in horse fat. A method for preparing hexabrominated satu¬ 
rated ethyl ether is described by Bailey and Baldsiefen.*) Cool the tube for 15 min¬ 
utes in an ice-salt bath, the temperature of which is —5°C. to — 10°C. To this cooled 
solution add from a buret, dropwise, 2 ml. of the brominating solution (2 ml. of 
C.P. bromine plus 8 ml. of glacial acetic acid). Keep the tube in the ice-salt bath 
during the bromination and for 15 minutes after. Stopper the tube and place in a 
refrigerator held at 5°-10°C. overnight. Remove the tube from the refrigerator and 
place it in an ice bath for 15 minutes. Remove stopper and centrifuge the tube for 
2-4 minutes at a speed of 900-1000 r.p.m. (12* head). Decant all the ether from 
the tube. (There should be no precipitate carried away with the decanted ether 
provided the centrifuge is run at the suggested speed.) To the tube add 10 ml. of 
previously cooled anhydrous hexabrominated-saturated ethyl ether (this wash ether 
is prepared by adding 2 ml. of glacial acetic acid to 25 ml. of the anhydrous hexa¬ 
brominated saturated ether). Stir the precipitate vigorously and cool the tube in an 
ice bath for 15 minutes. Centrifuge the tube for 2-4 minutes and decant the ether. 
(If this procedure is carefully followed, the precipitate remaining in the tube after 
the last washing should be white.) Should the precipitate still hold some occluded 
bromine, repeat washings until all color of bromine has disappeared. Avoid excessive 
washing. Dry the tube at 105°-110°C. for 30 minutes. Record weighed hexabromide 
in mg./gram of fat. 

DISCUSSION 

The method presented has proved to be more reliable than the Paschke 
procedure, for the reason that during the cooling procedure no fatty acids 
are precipitated, and thus any possible error due to incomplete removal, 
by washing, of non-brominated fatty acids is avoided. The use of anhy¬ 
drous hexabrominated-saturated ethyl ether in brominating and washing 
samples is necessary owing to the solubility of the hexabrominated deriva¬ 
tive. 

The melting point of the hexabromide formed from the fatty acids 
present in horse fat is in accordance with the literature for linolenic acid 
hexabromide. Table 1 shows that an increased hexabromide value above 
that found for pork or beef, together with an identification (melting point) 
of the prepared hexabromide derivative, would constitute sufficient evi¬ 
dence that horse fat/meat was present. 

The method presented obviously does not lend itself to a quantitative 
estimation of the proportion of horse meat in mixtures with pork or beef, 
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Table 1.— Results of analysis 




IODINE 

HSXABROMIDD 


LINOLENIC 

ORIGIN or FATTY ACIDS 

R 40# C.f 

NUMBER 

VALUES* 

1I.P. HSXABROMIDE 


(hanus) 

(mo./o.) FAT 


ACID 

Beef 

46.6 

42.0 

2.0 

darkens 182°C. 

.04 

Pork 

48.6 

59.4 

7.5 

darkens 182°C. 

.14 

Horse 

53.2 

84.8 

56.8 

179.5°-180°C. 

1.04 


(corr.) 

Mixtures: 

beef (%) horse (%) 


25 

+ 

75 

44.0 

50 

+ 

50 

28.8 

75 

+ 

25 

16.0 

pork (%) 




25 

+ 

75 

45.0 

50 

+ 

50 

32.5 

75 

+ 

25 

19.6 


• Represent the average of 6 different samples, run in duplicates, none of which varied more than 
± 10% from the above reoorded values, 
t Butyro refractometer reading. 

since meat from horses being slaughtered at the present time contains 
less fat than is usually present in either pork or beef. 6 Products such as 
hamburger and sausage require considerable fat to be palatable, and it 
would be generally assumed that this additional fat would be obtained 
from either the pork or beef and not from the adulterant, horse meat. 


DETERMINATION OF CHOLESTEROL AS BASIS FOR ESTI¬ 
MATING EGG SOLIDS CONTENT OF NOODLES 


By R. C. Koehn and F. A. Collatz (Products Control Depart¬ 
ment, General Mills, Inc., Minneapolis, Minn.) 


In 1941 the cholesterol method 1 for the estimation of the egg solids con¬ 
tent of noodles and like products was adopted as official in place of the 
lipoid phosphorus method. 2 The use of cholesterol as an analytical factor 
for estimating egg solids content is based on the assumption that the 
percentage of cholesterol is widely different in eggs and in the cereal in¬ 
gredients of noodles, but is essentially constant among various lots of 
either type of material. The cholesterol method is distinctly superior to 
the older lipoid phosphorus procedure in that it requires no correction for 
loss in the manufacturing process or during long periods of storage. In 
the application of this method the product is saponified, the unsaponifiable 
portion is treated with bromine to form cholesterol dibromide, and the in¬ 
soluble dibromide is separated from the reaction mixture by filtration. 
The dibromide is then taken up in ether and alcohol and hydrolyzed with 


* Personnel communication—Meat Inspection Division, 
Administration. 

i Thin Journal , 25, 63, 93 (1942). 

• Raymond Hertwig, This Journal, 7, 91 (1923). 


Livestock and Meats Branch, War Food 
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alkali. The resultant aqueous solution of potassium bromide is oxidised 
to bromate with hypochlorite and the bromate is determined iodometri- 
cally. In the older lipoid phosphorus method the lipoids were extracted 


Table 1 . —Cholesterol content of commercial frozen egg yolks 


SAMPLE 

TOTAL SOLIDS 

UNSAPONItfABLE 

MATTER 

(dry basis) 

STEROL 

AS CHOLESTEROL 
(DRY BAB IS) 


per cent 

percent 

percent 


Present Study 


1 

45 

4.07 

2.90 

2 

45 

3.67 

2.92 

3 

45 

3.90 

2.84 

Average 

45 

3.88 

2.87 


Haenni (1941) 


Max. 

46.11 

4.00 

3.15 

Min. 

40.43 

3.39 

2.66 

Av.* 

44.18 

3.61 

2.88 

* Fifteen samples. 




Table 2.- 

—Apparent cholesterol content of durum flour 



UNS APONIFI ABLE 

STEROL 

SAMPLE 

TOTAL SOLIDS 

MATTER 

AS CHOLESTEROL 



(dry basis) 

(DRY BASIS) 


per cent 

per cent 

percent 


Present Study 


1 

88.4 

.14 

.028 

2 

86.5 

.12 

.028 

Average 

87.45 

.13 

.028 


Haenni (1941) 


Max. 

89.96 

.14 

.044* 

Min. 

86.83 

.10 

.021 

Av.f 

88.54 

.11 

.024 


* Next highest value .031%. 

112 samples durum flour, 6 of Bemolina, and 6 of patent. 


from the noodles with alcohol and ether, and the phosphorus content was 
determined in the usual manner. 

Two lots of durum patent flour and three lots of commercially frozen 
egg yolks were analyzed by Haenni’s* revised method for unsaponifiable 
matter and sterols. In Tables 1 and 2 the results obtained in this labora¬ 
tory are compared with those obtained by Haenni* in 1941. 


• Thit Journal, 24, 119 (1941). 
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As is apparent from the data of Table 1, the unsaponifiable matter of 
egg yolks was found to be somewhat higher than the average previously 
reported by Haenni. Despite this difference the sterol content of the egg 
yolks was the same. It therefore appears that a value of 2.88 may be taken 
as an accurate estimate of the cholesterol content of commercial frozen 
egg yolks. 

In the case of durum flours the values found in this laboratory differ 
more widely from those previously reported. Both of the two durum flours 
analyzed were found to contain .028 per cent “cholesterol,” whereas the 
previous study had indicated an average value of .024 per cent. This dif¬ 
ference may be due to several variables, such as variety, geographic region 
milling practice, and seasonal variation in durum flour characteristics. It 
may be of value to carry out further studies to determine the magnitude, 
if any, of these variables, and in such a study it would probably be advisa¬ 
ble to use the same eggs throughout the study. 

To check the validity of the factors given in Tables 1 and 2, three 
samples of noodles of known composition were analyzed, with the results 
given in Table 3. Also included in this table are values obtained by the 
lipoid phosphorus method. The data shown in Table 3 are averages of 
duplicate determinations, all pairs of which agreed closely. 


Table 3 .—Analysis of noodles of known composition (dry basis) 


SAMPLE 

EGG 

SOLIDS 

CONTENT 

UNSAPONIFIABLE 

MATTER 

STEROL 

(AS 

cholesterol) 

CALCULATED EGG SOLIDS 

1* 

2 

3 


per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

1 

5.53 

.33 

.187 

5.7 

5.6 

5.4 

2 

5.01 

.31 

.172 

5.2 

5.0 

4.8 

3 

7.00 

.36 

.227 

7.1 

7.0 

6.9 


* 1, Assumes .024% “cholesterol” in durum flour. 2, Assumes .028% “cholesterol” in durum flour. 
3 t Calculated from lipoid PiO ( . 


Since the factor .028 per cent “cholesterol” for durum flour was deter¬ 
mined on the product actually used in these noodles, it is not surprising 
that the calculated values for egg solids shown under Column 2 of Table 3 
are more accurate than those obtained by using the value .024 per cent 
and shown under Column 1. On the whole, there is satisfactory agreement 
between values calculated from “cholesterol” and those actually used in 
the formula. 

The egg solids content determined by lipoid phosphorus analyses is 
consistently low in all three samples analyzed, which fact substantiates 
the belief that the cholesterol method is more satisfactory for the deter¬ 
mination of egg solids content than is the lipoid phosphorus technic. 

To determine the effect of storage on the apparent egg solids content of 
noodles, analyses were made of four samples before and after 5-6 months* 
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storage in paper cartons similar to those used in packing noodles. The 
data of Table 4 indicate a decrease in lipoid phosphorus after 5-6 months' 
storage, whereas the cholesterol content remained constant. This work 
confirms Haenni’s findings. 

In order to provide more information on the relative merits of the 
cholesterol and lipoid phosphorus methods, the authors analyzed five 
samples of commercial noodles which had been made to contain 5.6 per 
cent egg solids on a dry basis. The results are shown in Table 5. 

Table 4.— Effect of storage on apparent egg solids content of noodles 


FRESH SAMPLE 6-6 MONTHS’ STORAGE 

B00 SOLIDS EGG SOLIDS 









FROM 

FROM 

FROM 


FROM 


CHOLESTEROL 

LIPOID PtO* 

CHOLEBTSROL 

LIPOID PtOi 


per cent 

per cent 

per cent 


percent 

1 


5.5-5.9* 

5.6 


5.3 

2 

5.6 

5.4 

5.6 


5.3 

3 

5.0 

4.8 

5.0 


4.6 

4 

7.0 

6.9 

7.1 


6.8 

* Composite of noodle samples containing 5.5-5.9% egg solids as determined by the lipoid phosphorus 
method. 


Table 5.— Analysis of commercial noodles (dry basis) 


SAMPLE 

UNBAPONIFIABLB 

BTEROL 


EGG SOLIDS 


MATTER 

VAB 

CHOLESTEROL) 

1* 

2 

3 


per cent 

percent 

per cent 

per cent 

percent 

1 

.31 

.186 

5.7 

5.5 

5.4 

2 

.31 

.190 

5.8 

5.6 

5.6 

3 

.30 

.188 

5.7 

5.6 

5.5 

4 

.30 

.192 

5.9 

5.8 

5.6 

5 

.32 

.185 

5.6 

5.5 

5.3 

Average 

.31 

.188 

5.7 

5.6 

5.40 


* 1, Assumes .024% "cholesterol” in durum flour. 2, Assumes .028% "cholesterol” in durum flour. 
8, Calculated from lipoia P»0». 


The findings reported in Table 5 confirm those obtained with samples 
of known composition. The use of the factor .028 per cent gives results 
which are in excellent agreement with the formula value for egg solids 
content. When the factor .024 per cent is employed the values tend to 
run higher, and when the determination is made by the lipoid phosphorus 
method the results are definitely lower. 

SUMMARY 

The cholesterol method for the determination of egg solids of noodles 
gives excellent results in samples of known composition. 
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The cholesterol content of durum flours apparently is subject to some 
variation, which may be due to one or several variables such as variety of 
grain, growing region, milling operations, and seasonal variations; future 
studies may be of value to establish the magnitude of these fluctuations. 

The lipoid phosphorus method gives lower egg solids values than does 
the cholesterol procedure. Analysis of noodles of known composition 
shows that the cholesterol method gives the more accurate results. 

The apparent egg solids content of noodles as determined by the lipoid 
phosphorus method decreases on storage, whereas the same values calcu¬ 
lated from cholesterol content remain essentially constant. 


DETECTION OF ADULTERATION OF OLIVE OIL USED IN 
PACKING MAINE SARDINES 

By Menno D. Voth (Food and Drug Administration, Federal 
Security Agency, Boston, Mass.) 

The scarcity of olive oil and the price differential between it and other 
edible oils caused by war conditions make the adulteration of the olive 
oil used in packing domestic sardines exceedingly profitable. The detection 
of this adulteration demands a knowledge of the effect of the natural fish 
oils on the chemical constants of the added oil. 

In the course of an investigation of the industry it was noted that the 
Hanus iodine number of the surplus oil drained from the canned fish was 
not materially different from that of the oil used as a packing medium. It 
had previously been assumed that the oil from the fish, having a high io¬ 
dine value, would materially affect the constants of the added oil, during 
and after processing. In order to test the consistency of the above obser¬ 
vations experimental packs were made with sardines packed in various oils. 

Small size Maine sardines were prepared in the usual commercial way. 
Five kinds of oil were used and 20 ml. of each kind was added to each of 10 
cans of fish before sealing and processing. Two months later 6 of these cans 
were opened, the oil drained therefrom, and its iodine number and refrac¬ 
tive index determined. Some of the same lot of Maine sardines were 
smoked in the usual way before packing, and a similar series of experi¬ 
mental packs was prepared. From the results obtained it is evident that 
when plain or smoked Maine sardines are packed in oil, very little change 
takes place in the Hanus iodine number or in the refractive index of the 
packing oil during and after processing because of its blending with the 
oil in the fish. Tables 1 and 2 illustrate the point. As is usually the case, 
good correlation was found between the refractive index and the Hanus 
iodine number. The refractive index can therefore be used as a rapid sort¬ 
ing method. 

A limited amount of additional experimental work was performed to 
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Table 1. —Hanus iodine numbers and refractive indices of drained oil 
from Maine sardines 


. SUB NO. OLIVE PEANUT CORN 00TT0N8XRD SOYA 

Hanus iodine number 


1 

85.5 

96.8 

125.0 

111.4 

130.1 

2 

85.9 

96.3 

124.0 

111.3 

129.0 

3 

86.0 

99.3 

124.8 

111.9 

129.3 

4 

87.5 

97.5 

125.5 

113.2 

130.4 

5 

86.7 

96.5 

124.8 

112.5 

129.7 

6 

85.8 

98.2 

125.3 

112.1 

130.1 

Av. iodine No. of drained 

oil 

86.2 

97.4 

124.9 

112.1 

129.8 

Iodine No. of oil used in 

canning 

83.9 

96.9 

125.0 

112.5 

130.1 


Refractive indices at 25°C. 


1 

1.4680 

1.4698 

1.4737 

1.4717 

1.4735 

2 

1.4682 

1.4697 

1.4734 

1.4715 

1.4737 

3 

1.4680 

1.4700 

1.4735 

1.4717 

1.4735 

4 

1.4683 

1.4698 

1.4735 

1.4716 

1.4737 

5 

1.4681 

1.4696 

1.4734 

1.4715 

1.4736 

6 

1.4680 

1.4697 

1.4732 

1.4715 

1.4737 

Av. Ref. indices of drained 

oil 

1,4681 

1.4698 

1.4735 

1.4716 

1.4736 

Ref. indices of oil used in 

canning 

1.4676 

1.4697 

1.4735 

1.4716 

1.4739 


Table 2. —Hanus iodine numbers and refractive indices of drained oil from smoked 

Maine sardines 


SUB NO. 

OLIVE PEANUT 

Hanus number 

CORN 

COTTONSEED 

SOYA 

1 

87.1 

95.9 

125.4 

112.6 

129.8 

2 

88.1 

98.7 

125.2 

113.5 

129.6 

3 

89.4 

97.5 

126.1 

111.8 

129.7 

4 

87.7 

96.5 

124.6 

110.8 

128.6 

5 

87.8 

95.8 

124.7 

111.9 

129.3 

Av. iodine No. of drained 

oil 

88.0 

96.9 

125.2 

112.1 

129.4 

Iodine No. of oil used in 

canning 

83.9 

Refractive 

96.9 

Indices at 

125.0 

25°C. 

112.5 

130.1 

1 

1.4682 

1.4701 

1.4736 

1.4718 

1.4739 

2 

1.4685 

1.4696 

1.4737 

1.4719 

1.4738 

3 

1.4685 

1.4697 

1.4736 

1.4717 

1.4737 

4 

1.4686 

1.4697 

1.4736 

1.4717 

1.4740 

5 

1.4684 

1.4696 

1.4735 

1.4717 

1.4740 

Av. Ref. indices of drained 

oil 

1.4684 

1 4697 

1.4736 

1.4718 

1.4739 

Ref. indices of oil used in 

canning 

1.4676 

1.4697 

1.4735 

1.4716 

1.4739 
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ascertain whether other varieties of fish which are sometimes canned in oil 
would show similar results. In order to determine the approximate oil and 
moisture contents, two kinds of raw fish and four kinds of smoked were 
comminuted and dried at 100°C.; the oil was extracted with petroleum 
benzine, and the solvent was evaporated at 70°C. in vacuo. Some of these 
same kinds of fish were also canned in olive oil and later opened, the oil 
drained therefrom, and its iodine number determined. Table 3 indicates 
that the amount of oil in the fish has a direct bearing on the extent of the 
change that takes place in the iodine number of the drained oil. Only in 
very oily fish such as smoked mackerel was there a considerable change in 
the iodine number. 


Table 3. —Effect of amount of oil in fish on iodine number 


FISH USED 

RAW OR SMOKED FISH 

OIL 

MOISTURE /<# „ . 

( AS IB BABIS) 

CANNED 

IODINE NO. OP 

ADDED OLIVE OIL 

nsH 

AV. IODINE NO. 

OP DRAINED OIL 

PROM 4 CANB 


per cent 

per cent 



Maine sardines (small ocean 





herring) 

76.0 

2.2 

83.9 

86.2* 

Large ocean herring 

59.7 

11.1 

— 

— 

Kippers (lightly smoked large 





ocean herring) 

55.4 

12.1 

85.5 

90.5 

Bloaters (heavily smoked large 





ocean herring) 

39.2 

15.5 

85.5 

94.8 

Smoked mackerel 

46.3 

26.6 

85.0 

99.5 

Smoked salmon 

— 

4.0 

85.0 

86.5 


* Av. figures from Table 1 (6 cans). 


In order to ascertain whether the heat of processing had any effect on 
the iodine number of oils, the five kinds of oil listed in Table 1, the iodine 
numbers of which were known, were sealed in sardine cans and processed 
in the usual way. No change took place in the iodine numbers of any of 
the oils. 

Formerly the method of testing canned sardines for adulterated oil was 
based on a comparison between the iodine number of the drained oil as ac¬ 
tually determined and as calculated from the known iodine number of the 
packing oil, the average iodine number of the natural oil of experimental 
packs of Maine sardines, and the volume of natural oil exuded in process¬ 
ing the particular sample. However, the calculated iodine number was as 
often above as below the determined value, and the differences were in 
general greater than those between the iodine number of the packing oil 
and the drained oil (Tables 1 and 2). Table 4 gives a single example of the 
method of calculation where the agreement was reasonably good. Under 
the State regulation, which is rigidly enforced, the assumption that the 
average added oil per can is 20 ml. is justified, though no doubt there 
would be some variation from can to can. Another factor is the variation 
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in iodine number of the natural sardine oil. A third variable may result 
from the method of determining the iodine number of the natural sardine 
oil. Experimental packs, without added oil, were put up and only the 
drained oil was taken for the determination. It is possible that the oil re¬ 
tained in the fish might have a somewhat different iodine number from 
that exuded in the heat process. 

Table 4. — Method of calculation 

Average volume of oil recovered from four cans of sardines by 

draining and extraction. 23.0 ml. 

Average volume of oil assumed to be added at the factory. 20.0 ml. «87% 

Average volume of natural fish oils in can. 3.0 ml. “13% 

Iodine numbers of oils used in calculations 

Olive oil used in packing these sardines. 83. 

Fish oil (from experimental pack, ten cans).162. 

Iodine number due to olive oil fraction.87%X 83 =*72.2 

Iodine number due to fish oil fraction.13 % X 162» 21.1 

Calculated predicted iodine number. 93.3 

Actual determined iodine number of this oil mixture. 93.6 

CONCLUSIONS 

Differences between the Hanus iodine number and the refractive index 
at 25°C. of the oil used in packing Maine sardines and the corresponding 
constant of the oil drained from the finished product are small. 

Adulteration of olive oil used in packing Maine sardines can therefore be 
detected by determining the constants of the oil drained from the sar¬ 
dines. 


MICROSCOPIC IDENTIFICATION OF STRONTIUM, 
AMMONIUM, COPPER, AND ZINC BY MEANS OF 
THEIR CRYSTALLINE PICROLONATES 

By William V. Eisenberg and George L. Keenan (Microanalyti- 
cal Division, Food and Drug Administration, Federal 
Security Agency, Washington, D. C.) 

In a recent paper 1 the authors described a microscopic method for the 
identification of sodium and potassium, which consisted briefly in the 
formation of characteristic crystalline picrolonates of these cations and a 
determination of their optical-crystallographic properties. This method 
has also been found applicable to the detection of strontium, ammonium, 
copper, and zinc. 


1 This Journal , 27,177 (1944). 
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The crystalline picrolonates are formed by adding a drop of 0.5 per cent 
picrolonic acid in 50 per cent alcohol to a small fragment of the unknown 
material or to a neutral or veivslightly acid drop of the test solution on a 
glass slide. Warming is usually unnecessary. Each of the cations is identi¬ 
fied by its characteristic crystalline picrolonate, which forms immediately 
and is readily visible at 200X (Eigs. 1, 2, 3). In order to identify these 
precipitates the characteristic crystalline habits are observed, and their 
significant microscopic-crystallographic properties determined. After the 
crystalline habit is observed the precipitate on the slide is allowed to dry 



Fio. 1 .—Crystals of stkomivm picrolon uk ( X200j 


at room temperature and examined with the polarizing microscope, 
using the immersion method. The characteristic habits and the significant 
optical-crystallographic data for the picrolonates of strontium, potas¬ 
sium, sodium, ammonium, copper, and zinc are tabulated below' in ascend¬ 
ing order of the minimum refractive index. 

The test for strontium is given even in the presence of relatively large 
concent rations of Ba 4+ and Ca ++ , and similarly the typical crystals 
of ammonium picrolonate can be demonstrated in the presence ol rela¬ 
tively large concentrations of Xa 4 and K + . The characteristic bi¬ 
furcated rods of ammonium picrolonate, however, appear more slowly 





Fig. 2.—Cm stalk of ammonium picrolonate ( X200) 



Fig. 3. —Crystals of copper picrolonate (X200; 






1944 ] EISENBERG AND KEENAN: CRYSTALLINE PICROLONATES 


461 


Significant optical data for strontium, potassium, sodium, ammonium, copper, and 

zinc picrolonates 


BDBBTANOB 

HABIT 

n « 


n y 

BXTmCTION 

BLONGATION 

Sr 

Tabular prisms 
resembling 
envelope and 
rooftop forms 

1.448 


>1.734 

Inclined 

Negative 

K 

Yellow needles, 
rods 

1.505 

1.519 

>1.734 

Inclined 

Negative 

Na 

Yellow needles, 
rods 

1.616 

_ 

>1.734 

Parallel 

Negative 

nh 4 

Yellow rods, 
many bifurcated 

1.644 

1.734 

>1.734 

Parallel 

Positive 

Zn 

Yellow needles, 
rods 

1.650 

1.734 

>1.734 

Parallel 

Positive 

Cu 

Yellow needles, 
rods 

1.734 

_ 

>1.734 

Parallel 

Positive 


in mixtures. The test for copper is very sensitive even in the presence of 
other elements, while the sensitivity of zinc in mixtures is somewhat simi¬ 
lar to that of ammonium. 

The value of the method for complex mixtures may be limited es¬ 
pecially where reliance is placed wholly on habit, since habit may be 
modified by the presence of impurities. From the standpoint of crystalline 
habit the ammonium and strontium salts are quite characteristic and 
yield their significant forms even in the presence of other cations. The 
rosette aggregates of needles of the picrolonates of copper, zinc, sodium, 
and potassium are similar to each other, and therefore reliance for 
specific identification must be placed on the determination of the optical- 
crystallographic properties. With complex mixtures, where a conglomera¬ 
tion of precipitates may form on the slide, studies should be made of the 
optical properties of those portions of the dried material where individual 
crystals can be separated by the eye. Crystals of the strontium and 
ammonium salts can be distinguished easily from other precipitated 
salts. The identification of sodium, potassium, copper, and zinc, how¬ 
ever, will require optical-crystallographic determinations on a number 
of needles before the identity of the respective picrolonates can be 
confirmed. Needles exhibiting inclined extinction will immediately in¬ 
dicate potassium, as a glance at the table will show. Those showing 
parallel extinction indicate copper, sodium, and zinc, and these may be 
further differentiated by the sign of elongation, which is negative for 
sodium and positive for copper and zinc. Copper and zinc are further 
distinguished by their refractive indices. 

The procedure described above is most effective on salts of these ca¬ 
tions present in dry physical mixtures encountered in food and drug 
products, where the unknown material may be isolated as minute frag- 
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ments under a low-power, wide-field, binocular microscope. This offers a 
quick, direct method for the positive identification of strontium, potas¬ 
sium, sodium, ammonium, copper, and zinc ions. 

SUMMARY 

A chemical microscopic test for the identification of strontium, am¬ 
monium, copper, and zinc is described, and optical-crystallographic con¬ 
stants are given for differentiating the strontium, ammonium, copper, 
and zinc salts formed with picrolonic acid. 


OXIDATION OF ALKANOLAMINES BY PERIODATE 

By J. H. Jones (Cosmetic Division, Food and Drug Administra¬ 
tion, Federal Security Agency, Washington, D. C.) 

The selective oxidation by periodate of compounds with hydroxyl groups 
on adjacent carbon atoms has received thorough study. 1 It has been shown 
that for many such compounds the reaction is quantitative and fairly rapid. 
With supporting analyses for the reaction products the reaction may be 
used to study the structure of polyhydroxy compounds and to determine 
them quantitatively. 1 

Nicolet and Shinn 2 pointed out that certain a-hydroxy amines are also 
selectively oxidized by periodate and applied this fact to the determina¬ 
tion of some naturally occurring compounds.** 4 In their original communi¬ 
cation, 2 they reported that diethanolamine reacts rapidly with periodic 
acid to liberate four mols of formic acid (this reaction could not be con¬ 
firmed) and that diethylaminoethanol does not react with periodate. A 
number of aliphatic hydroxy amines (alkanolamines), including 2-amino- 
ethanol, the simplest member of the series, are commercially available, 
but no further study of the periodate reaction as applied to the alkanol¬ 
amines appears to have been made. Since alkanolamines are frequently 
encountered in the products examined in this laboratory an investigation 
of the oxidation of several such compounds by periodate was undertaken. 

All commercially available alkanolamines are a-hydroxy amines. Unless 
the alkanolamine is of this type no reaction with periodate would be 
anticipated. 

At room temperature dilute solutions of the primary and secondary 
alkanolamines are readily oxidized by periodate. In these oxidations an 
integral number of mols of periodate reacts in a moderate period of time 
and the additional consumption of periodate over an extended period is 
negligible. 

1 “Organic Reactions/’ Vol. II, Chapter 8, John Wiley and Sons, Inc., N.Y. (1944). 

* J. Am. Chem. 8oc., 61,1615 (1939). 

* /. Biol. Chem., 138. 91 (1941). 

• Ibid., 139, 687 (1941). 
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The reactions may be represented by the following equations: 

( 1 ) HOC1H4NH1+HIO4— 2 HCHO + NHj 4 -HIOs 

(2) (HOC,H 4 ),NHH-2HI04 -4HCHO+NH 8 +2HIO, 

(3) CH»CHOHCH 2 NH 2 -f HI0 4 = HCHO 4CH 3 CHO4NH 3 4HI0 3 

(4) (CH a CHOHCH 2 ) 2 NH 42HI0 4 - 2HCHO 42CH a CHO 4NH a -f 2HIO* 

(5) (CH a ) 2 CNH 2 CH 2 OH +HIO 4 - HCHO 4- (CH a ) 2 CO 4NH a 4HI0 3 

(6) CH 2 OHCNH 2 (CH a )CH 2 OH 42H10 4 «2HCHO 4CH a C00Il 4 NH 3 42HI0 a 

Primary alkanolamines react with the same number of mols of perio¬ 
date as do the analogous polyhydroxy compounds, and the reaction prod¬ 
ucts are those given by the corresponding polyhydroxy compound, plus 
ammonia. 

The data presented here indicate that both diethanolamine and diiso- 
propanolamine react with two mols of periodate to give four mols of 
aldehyde and one of ammonia. Nicolet and Shinn 2 state that diethanolam¬ 
ine reacts rapidly with periodic acid to give four mols of formic acid. To 
produce four mols of formic acid from one mol of diethanolamine six 
mols of periodate would be required. In the experiments performed in this 
laboratory the consumption of periodate in excess of two mols per mol 
of diethanolamine was slight unless a large excess of periodate was used. 
Even when ten mols of periodic acid was used the rate of oxidation after 
two mols had reacted was slow, and the total consumption of oxidant 
after 24 hours was less than three mols. 

Neither triethanolamine nor triisopropanolamine reacts at a significant 
rate with periodate. This is in agreement with the observation of Nicolet 
and Shinn 2 on the oxidation of diethylaminoethanol. It would appear, 
therefore, that tertiary alkanolamines do not react with periodate. 

The reaction products formed by the action of periodate on polyhy¬ 
droxy compounds may be predicted by assuming that two protons and 
two electrons are removed from hydroxyls attached to adjacent carbon 
atoms and that the unstable intermediate compound produced rearranges 
to a more stable configuration. A similar mechanism may be used to explain 
the reactions reported here since the supposed intermediate compounds 
would be readily hydrolyzable to ammonia and the organic compounds 
indicated by the above equations. For the secondary amines a stepwise 
reaction may be assumed, i.e., the initial products are two mols of alde¬ 
hyde and one of the primary amine. The failure of the tertiary amines to 
react would be explained by the fact that there is no hydrogen attached 
to the nitrogen atom. 

In the experiments described below a substantial excess of periodate 
was used. Other experiments showed, however, that an excess of 0.1-0.2 
mol of periodate is sufficient for quantitative oxidation when a reaction 
period of 16 hours (overnight) is allowed. 

Since the reactions are quantitative they may be used for the determi¬ 
nation and identification of the individual amines. If the reaction prod- 
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ucts are also determined, a quantitative determination of the individual 
components in certain mixtures of alkanolamines, or alkanolamines and 
polyhydroxy compounds, is possible. A study of this topic is in progress. 

The preparation of the amine hydrochlorides for use as reference stand¬ 
ards has been described in a separate report.* They were selected for this 
purpose because they are nonhygroscopic solids and readily purified by 
recrystallization. The hydrochlorides are neutral or just acid to methyl 
red, and if a periodate salt neutral to this indicator is used as the oxidant, 
the formation of an acid as one of the reaction products is easily detected. 
The presence of the chloride ion does not affect the oxidation or any of the 
determinations involved. 

EXPERIMENTAL 

The results for oxidant consumed, aldehyde produced, etc., are cal¬ 
culated as mols per mol of amine originally present, unless otherwise 
specified. All determinations of aldehyde, acid, and ammonia were made 
at a time when the quantity of periodate reduced was that required by the 
equations above. 

Oxidation of Monoethanolamine ( 2-Aminoethanol ) with Potassium Meta- 
periodate. —To 115.2 mg. of monoethanolamine hydrochloride dissolved in 
water, 100 ml. of 0.0201 M potassium metaperiodate (1.7 mols) was 
added, and the solution was diluted to exactly 200 ml. After one hour, ti¬ 
tration of the excess periodate in an aliquot indicated that 0.98 mole of 
oxidant had been consumed. Overnight the consumption of periodate in¬ 
creased to 1.00 mol and no further increase was noted after three days. 
Determination of the total aldehyde in an aliquot by the method described 
by Shupe* showed that 1.98 mols of aldehyde had been formed. A 20 ml. 
aliquot of the solution was transferred to a semi-micro Kjeldahl distilla¬ 
tion apparatus and diluted to approximately 30 ml.; 5 ml. of (1+1) so¬ 
dium hydroxide was added; and the mixture was steam-distilled at a rate 
of 1.5 ml. per minute. About 20 ml. of distillate was collected in a receiver 
charged with 2 ml. of 4 per cent boric acid and titrated with 0.02 N acid. 
The recovery of ammonia was 0.99 mol. (The alkanolamines are not ap¬ 
preciably volatile with steam.) 

To a portion of the oxidized solution an equal volume of a saturated 
aqueous solution of dimethyldihydroresorcinol, “dimedon,” was added; 
a crystalline precipitate formed, which melted at 190°C. after a single re¬ 
crystallization from alcohol. The reported melting point of formaldehyde 
dimethone is 191.4°C. T 

Oxidation of Monoethanolamine with Periodic Acid. —To 334.2 mg. of 
monoethanolamine hydrochloride, dissolved in water, 10 ml. of 0.490 M 


»See p. 467. 

• Thu Journal, 26,249 (1943). 

» Z. Anal. Chem., 77, 241, 321 (1929) 
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periodic acid (1.4 mole) was added, and the solution was diluted to ex¬ 
actly 50 ml. The oxidant consumed in one hour was 0.96 mol; in 24 
hours it was 1.01 mols. 

Oxidation of Diethanolamine with Potassium Metaperiodate .—No pure 
compound suitable for a reference standard was available. A master solu¬ 
tion was prepared from a commercial sample of the amine, and the amine 
content was determined by titration with standard acid. An aliquot of this 
solution containing 54.1 mg. of diethanolamine was exactly neutralized to 
methyl red with 0.05 N acid, 100 ml. of 0.0204 M potassium metaperio¬ 
date was added (4.0 mols), and the solution was diluted to exactly 200 ml. 
After one hour 2.00 mols of oxidant had been consumed but no acid was 
produced. No further increase in the amount of periodate reduced was 
noted after three days, and at no time was there evidence of the formation 
of any formic acid. Analysis of an aliquot by Shupe’s procedure indicated 
that 3.98 mols of aldehyde had been produced. The ammonia recovered 
by steam distillation was 0.99 mol. 

Oxidation of Diethanolamine with Periodic Acid. —To a solution contain¬ 
ing 108.2 mg. of diethanolamine, 10 ml. of 0.490 M periodic acid (4.7 
mols) was added, and the mixture was diluted to 100 ml. in a volumetric 
flask. The periodate reduced in one hour was 1.95 mols; in 24 hours it was 
2.03 mols. The consumption of periodate continued to increase slowly 
and after four days amounted to 2.2 mols. 

Oxidation of Isopropanolamine (l-Amino-2-Propanol) with Potassium 
Metaperiodate .—To 122.2 mg. of isopropanolamine hydrochloride dis¬ 
solved in water, 100 ml. of 0.0204 M potassium metaperiodate (1.9 mols) 
was added, and the solution was diluted to exactly 200 ml. After two hours 
a titration of an aliquot indicated a consumption of 0.99 mol of oxidant. 
Overnight the periodate consumed increased to 1.00 mol, and no further 
increase was noted in four days. The total aldehyde produced amounted 
to 2.00 mols, and a determination of acetaldehyde by the method of Nico- 
let and Shinn 8 * 8 indicated that 0.98 mol of this substance had been 
formed. Determination of ammonia by the method outlined above gave 
a recovery of 0.99 mol. 

Oxidation of Diisopropanolamine with Potassium Metaperiodate .—To 
95.7 mg. of diisopropanolamine hydrochloride, dissolved in water, 100 ml. 
of 0.0204 M potassium metaperiodate (3.6 mols) was added, and the mix¬ 
ture was diluted to 200 ml. in a volumetric flask. After two hours the pe¬ 
riodate consumed was 1.98 mols; overnight the consumption increased to 
2.00 mols, and the additional consumption in eight days was negligible. No 
acid was formed. The total aldehyde and acetaldehyde produced amounted 
to 3.91 and 1.98 mols, respectively. The recovery of ammonia was 0.99 
mol. 

• /. Am. Chem. Soe. t 63,1456 (1941). 
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Oxidation of 2-A mino-2-Methyl-1 -Propanol with Potassium Metaperi¬ 
odate .—To 95.7 mg. of 2-amino-2-methyl-l-propanol hydrochloride, dis¬ 
solved in water, 100 ml. of 0.0201 M potassium metaperiodate (2.7 mols) 
was added, and the solution was diluted to exactly 200 ml. After 90 min¬ 
utes, titration of an aliquot indicated a consumption of 0.99 mol of peri¬ 
odate, and overnight the consumption of oxidant increased to 1.00 mol. 
The recovery of formaldehyde dimethone from an aliquot of this solution 
was 96 per cent of the calculated amount (if one mol of formaldehyde 
was produced in the reaction). The ammonia recovered amounted to 0.98 
mol. 

Oxidation of 2-Amino-2-Methyl-1 , 8-Propanediol with Potassium Meta- 
periodate .—To 67.6 mg. of 2-amino-2-methy 1-1, 3-propanediol hydrochlo¬ 
ride, dissolved in water, a drop of methyl red was added, and the solution 
was made basic to this indicator by the addition of 0.05 ml. of 0.02 N 
sodium hydroxide; 100 ml. of 0.0204 M potassium metaperiodate (4.3 
mols) was added; and the solution was diluted to exactly 200 ml. The solu¬ 
tion became more acid immediately, and in 90 minutes 1.96 mols of oxi¬ 
dant had been consumed. Overnight the periodate consumed increased to 
2.01 mols, and after three days the consumption of oxidant was 2.03 
mols. The acid liberated could not be accurately titrated with methyl 
red as an indicator, but the titration did indicate that more than 0.8 mol 
of acid was produced. The recovery of ammonia was 1.00 mol and 1.99 
mols of aldehyde was formed. 

Oxidation of 2-Amino-2-Methyl-1 , 8-Propanediol with Sodium Metaperi¬ 
odate and Determination of Add Produced .—To 106.7 mg. of 2-amino-2- 
methyl-1,3-propanediol hydrochloride, dissolved in water, 20 ml. of 0.965 
M sodium metaperiodate (2.6 mols) was added, and the solution was 
diluted to exactly 100 ml. After 16 hours, titration of the excess periodate 
in an aliquot of the solution indicated that 1.99 mols of oxidant had re¬ 
acted. To 50 ml. of the oxidized solution 0.2 gram of ethylene glycol was 
added to destroy the excess periodate, and after 15 minutes the solution 
was titrated with 0.0540 N sodium hydroxide, a glass electrode pH meter 
being used to follow the change in pH. If a pH of 7 at the equivalent point 
is assumed, 6.95 ml. of the base was required for the neutralization. This 
titration corresponds to the production of 1.00 mole of acid from each 
mol of the amine. 

The “blank” on 10 ml. of the sodium metaperiodate solution in 50 ml. 
of water, after reduction with 0.2 gram of ethylene glycol, was negligible. 

SUMMARY 

A study has been made of the selective oxidation of a-alkanolamines by 
periodate. Primary and secondary alkanolamines are quantitatively oxi¬ 
dized in a moderate period of time but the tertiary amines do not react at 
a significant rate. 
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Equations are given for the reaction of typical alkanolamines with 
periodate, as well as data showing agreement between theory and experi¬ 
mental results. 


PREPARATION OF ALKANOLAMINE HYDROCHLORIDES 

By J. H. Jones (Cosmetic Division, Food and Drug Adminis¬ 
tration, Federal Security Agency, Washington, D. C.) 

Recently the author investigated reactions and procedures applicable 
to the identification and determination of the so-called “amine emulsi- 
fier8. ,, In part of this work 1 - 2 it was advantageous to use the hydrochlo¬ 
rides of the commercially available alkanolamines as reference com¬ 
pounds. 

Triethanolamine hydrochloride is easily prepared from hydrochloric 
acid and an alcoholic solution of the amine, but attempts to make other 
alkanolamine hydrochlorides by the same procedure were not successful. 
The preparation of some alkanolamine hydrochlorides has been reported 
in the literature, but the methods used seem inconvenient and do not ap¬ 
pear to give pure compounds. Methods for the preparation and purifica¬ 
tion of the hydrochlorides were therefore investigated. 


PREVIOUS WORK 

Triethanolamine hydrochloride, which is only slightly soluble in ethyl 
alcohol, can be prepared by the addition of hydrochloric acid to an alco¬ 
holic solution of the amine. 3 This hydrochloride has been used by East- 
land et al. t for the identification and quantitative determination of the 
amine, 4 and by Germann and Knight 3 as an intermediate in the prepara¬ 
tion of pure triethanolamine. 

Wurtz 6 obtained an impure sample of monoethanolamine hydrochloride 
by evaporation of a solution of the salt to a thick sirup, which, after 
standing a long time, deposited fine crystals which melted “below 100 o C. ,, 
Wurtz states that his analysis indicated the formula C 2 H 8 0NC1, but he 
gives no analytical data. Gabriel 8 prepared the hydrobromide in a similar 
manner and reported that it also melts “below 100°C.” and is hygroscopic. 
No report of a purer preparation of either of these compounds could be 
found in the literature. 

The hydrochlorides of l-amino-2-propanol and 2-amino-1-propanol 
were also prepared by Gabriel. 7 * 8 He evaporated a solution of the hydro- 


1 This Journal, 27, 309 (1944). 

* Seep.462. 

* J. Am. Chem. Soc ., 55, 4150 (1933). 

* Analyst, 62, 261 (1937). 

* Ann., 121, 228 (1862). 

* Bsr. 21,566 (1888). 

’ Ibid., 49.2120 (1916). 

'Ibid., 50,804 (1917). 
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chloride to a sirup under vacuum, dissolved the sirup in alcohol, and pre¬ 
cipitated the salt with ethyl acetate. The 2-amino-l-propanol hydrochlo¬ 
ride was reported to be very hygroscopic. 

The preparation of triisopropanolamine hydrochloride has been re¬ 
ported by Krasuskii.® This compound was purified by recrystallization 
from absolute alcohol. 

Piloty and Ruff 10 * 11 obtained the hydrochlorides of 2-amino-l, 3-pro- 
panediol and 2-amino-2-methyl-l, 3-propanediol by dehydration of a sirup 
the salt over sulfuric acid in a vacuum and reported that these compounds 
were hygroscopic. 

EXPERIMENTAL 

Samples of the alkanolamines obtained from commercial sources were 
used without further purification for the preparation of their hydrochlo¬ 
rides. 

Monoethanolamine (2-Aminoethanol) Hydrochloride .—Ten grams of 
monoethanolamine was placed in a small flask and dissolved in 50 ml. of 
n-propanol. The container was immersed in cold water to absorb the heat 
developed in the neutralization, and dry hydrogen chloride was passed 
through the solution until a slight excess was present. (The completion 
of the neutralization was checked with congo red test paper.) A copious 
precipitate formed toward the end of the neutralization. Any lumps of 
crystals were broken up. The precipitate was left in contact with the 
solvent for about 30 minutes, collected on a Buchner funnel, and washed 
with a little n-propanol and several portions of acetone. The filtrate was 
then concentrated to 25 ml., cooled, and seeded. This produced a second 
small crop of crystals. The crude material was purified by recrystallization 
from absolute alcohol (5 ml. per gram) or by the method given below under 
monoisopropanolamine hydrochloride. A single recrystallization by either 
method usually gave a pure compound. 

Monoisopropanolamine (1 -A mino-2-Propanol) Hydrochloride .—Ten 
grams of the amine in 50 ml. of n-propanol was neutralized with dry hy¬ 
drogen chloride as described above. The neutralized solution was boiled, 
cooled, seeded, and set aside for a few hours. The precipitate was crushed 
and stirred frequently during this period to hasten complete crystalliza¬ 
tion. The precipitated hydrochloride was then filtered and washed with 
acetone. The filtrate was evaporated to 25 ml., cooled, seeded, and diluted 
with 25 ml. of acetone. A second crop of crystals was thus collected. The 
crude material was dissolved in hot absolute alcohol (5 ml. per gram), the 
solution was cooled, seed crystals were added, and the hydrochloride was 
precipitated by slow addition of several volumes of acetone. The solution 
was vigorously stirred throughout the addition of the acetone to hasten 


• J. Qen. Chem . (U.S.8.R.), 6, 460 (1936); C.A., 30, 6377 (1936). 
18 Ber., 30,1656 (1897). 
uibid., 2057. 
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crystallization and prevent the separation of the hydrochloride as an oil. 
One re-precipitation usually produced a pure compound. 

In the absence of seed crystals this compound crystallized very slowly 
from n-propanol. For the initial supply of seed crystals, a small portion of 
the n-propanol solution of the hydrochloride was heated at 100°-105°C. 
until the n-propanol had been expelled. The sirupy residue, placed in a 
vacuum desiccator over calcium chloride, crystallized after several hours 
to a solid mass. This solid material was covered with acetone and crushed, 
and a portion of the crystals was used for seeding purposes. Subsequent 
preparations were seeded with purified material obtained from previous 
experiments. 

2-Amino-2-Methyl-1-Propanol Hydrochloride .—Ten grams of 2-amino- 
2-methyl-l-propanol in 50 ml. of n-propanol was neutralized with dry hy¬ 
drogen chloride. A precipitate of the hydrochloride usually formed when 
neutralization was complete. A portion of this precipitate was reserved 
for use as seed crystals unless material from a previous experiment was 
available. The remainder of the solution containing the precipitate was 
heated to boiling and boiled for several minutes. (The precipitate dis¬ 
solved completely.) After the solution had cooled, it was seeded, stirred 
until crystallization began, and set aside for about an hour. The precipi¬ 
tated hydrochloride was filtered off, the solvent was removed as com¬ 
pletely as possible by the application of strong suction, and the crude ma¬ 
terial was washed with several portions of acetone. A second crop of 
crystals was collected by evaporation of the filtrate to 25 ml. and dilution 
with 25 ml. of acetone. Occasionally a third crop of crystalline material 
could be obtained by a repetition of this process. The crude product was 
purified by the procedure used for the purification of monoisopropanolam- 
ine hydrochloride. 

2-Amino-2-Methyl-1 , 8-Propanediol Hydrochloride .—This compound was 
prepared and purified by the procedure described under 2-amino-2-methyl- 
1-propanol hydrochloride. The original amine was colored bright yellow 
and the crude hydrochloride a yellowish white. A pure white product was 
obtained when “Norit” decolorizing carbon was used in the purification. 

Triisopropanolamine Hydrochloride .—The hydrochloride was prepared 
by the method used to obtain 2-amino-2-methyl-l-propanol hydrochloride 
and purified by recrystallization from absolute alcohol (5 ml. per gram) or 
by precipitation from absolute alcohol with acetone. 

Diisopropanolamine Hydrochloride .—Ten grams of the amine in 30-40 
ml. of n-propanol was neutralized with dry hydrogen chloride. The solu¬ 
tion was evaporated to 25 ml. and cooled, 50 ml. of acetone was added, and 
the precipitated oil was stirred at intervals until crystallization was in¬ 
duced. (The addition of seed crystals did not appreciably increase the rate 
of crystallization.) After the crystalline material had stood overnight it 
was filtered off and washed thoroughly with acetone. The crude product 
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was purified by repeated extraction of the solid material with cold ace¬ 
tone. 

Typical yields and analytical data on the compounds prepared are 
given in Table 1. In all experiments where the yield was determined the 
crude products were dried for several hours over calcium chloride in a 
vacuum desiccator to remove the adhering solvent. 


Table 1. —Alkanolamine hydrochlorides 



YIELD* 

MELTING 

CHLORINE 


ponrr b 

POUND 

calculated 

Monoethanolamine 

per cent 

•c. 

percent 

per cent 

(2-aminoethanol) 

Monoisopropanolamine 

90-95 

82-83° 

36.40 

36.35 

(l-amino-2-propanol) 

65-70 

72-73 d 

31.82 

31.78 

Diisopropanolamine 

65-70 

79-82° 

20.93 

20.91 

Triisopropanolamine 

70-75 

209-211° 

15.63 

15.57 

2-Amino-2-methyl-l-propanol 

65-70 

203-206° 

28.20 

28.23 

2-Amino-2-methyl-l, 3-propanediol 

70-80 

90-91 f 

25.02 

25.04 


• Crude product. 

b All melting points were determined on a melting-point block. As noted by others, melting points 
determined in this maimer are usually 1°-2°C. lower than those determined in a capillary tube. 

® Apparently no melting points nave been recorded for these compounds. 

d Previously reported melting point, 72.5°-74°C. 8 

• The melting point and analysis of this compound indicate a much purer product than was obtained by 
Krasuskii,* who reported a melting point of 186°-188°C. for his preparation. 

• Previously recorded melting point, 91°~92°C. U 

DISCUSSION 

The alkanolamine hydrochlorides are apparently miscible with water, 
and with the exception of triethanolamine hydrochloride they are not pre¬ 
cipitated as crystalline solids by the addition of hydrochloric acid to a 
solution of the amine in water or ethyl alcohol. Most of the alkanolamines 
are not sufficiently soluble in ether, benzene, etc., to allow the preparation 
of any appreciable quantity of the hydrochlorides by precipitation from 
these solvents with hydrogen chloride. However, the hydrochlorides may 
be convenienetly prepared by neutralization of a n-propanol solution of 
the amine with dry hydrogen chloride. The use of n-propanol as the sol¬ 
vent in this procedure has the following advantages: 

(1) The alkanolamines are very soluble in n-propanol. 

(2) Most of the hydrochlorides are only moderately soluble in this sol¬ 
vent and precipitate from it as crystalline solids. 

(3) A higher concentration of water may be present without separation 
of an alkanolamine hydrochloride-water layer. (When such a layer sepa¬ 
rates it is usually impossible to recover conveniently the solid hydrochlo¬ 
ride.) 
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(4) The impurities present in commercial samples of the amines appear 
to be quite soluble in n-propanol. 

(5) The crude product obtained is substantially purer than that pro¬ 
duced by other methods of preparation, and can readily be further purified. 

n-Propanol can also be advantageously used in the isolation of alka- 
nolamine hydrochlorides from aqueous solutions. The sirups obtained by 
the evaporation of aqueous solutions of the hydrochlorides are soluble in 
boiling n-propanol, and one or two evaporations with this solvent usually 
dehydrate the mixture sufficiently (presumably by the formation of the 
constant boiling mixture) to allow the hydrochloride to separate as a 
crystalline solid. This procedure does not give as high yields as the above 
method, but it has proved useful in the isolation of the amine hydrochlo¬ 
rides from solutions or emulsions for identification. 

Diethanolamine hydrochloride could not be prepared as a crystalline 
solid by any method tried. In every experiment this compound separated 
from the solution as an oil and crystallization could not be induced. 

In the preparation and purification of the hydrochlorides supersatu¬ 
rated solutions were frequently encountered and occasionally the com¬ 
pounds precipitated as oils. In most cases crystallization could be induced 
by vigorous stirring of the solution or by scratching the sides of the ves¬ 
sel, but the addition of seed crystals was even more effective. Such seed 
crystals for all the compounds listed in Table 1 may be prepared by the 
procedure used for monoisopropanolamine hydrochloride. 

Contrary to the impression gained from the comments in the literature 
the pure crystalline hydrochlorides are not hygroscopic. Exposure of the 
pure salts to ordinary atmospheric conditions for several hours caused no 
gain in weight. Therefore it is not necessary to exclude atmospheric 
moisture while samples for analysis are weighed. 

Solutions of the hydrochlorides, varying in strength from 0.2 to 0.002 M 
were found to be neutral or just acid to methyl red. Thus a solution of 0.2 
gram of 2-amino-2-methyl-l-propanol in 50 ml. of distilled water was acid 
to this indicator, but the addition of 0.1 ml. of 0.02 N sodium hydroxide 
produced a yellow solution. Methyl red, therefore, is a suitable indicator 
for the titration of alkanolamines with strong acids. 

The hydrochlorides have proved useful as derivatives for the identifica¬ 
tion of the amines. If the melting point alone does not provide positive 
identification the hydrochlorides may be analyzed by simple procedures. 
The periodate reaction 2 is particularly useful for this purpose since it gives 
information as to the structure of the amine. 

SUMMARY 

Methods for the preparation and purification of several alkanolamine 
hydrochlorides have been presented. Analytical data for the compounds 
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are given. Contrary to earlier reports in the literature these hydrochlorides 
are not hygroscopic. They have proved useful as reference compounds 
and for the identification of the amines. 


DETERMINATION OF SODIUM ACETATE IN FD&C BLUE NO. 1 

By R. N. Sclar and G. R. Clark (Cosmetic Division, Food and Drug 
Administration, Federal Security Agency, Washington, D. C.) 

The Coal-Tar Color Regulations (S.R.A.F.D.C.3) limit the quantity 
of sodium acetate permitted as an impurity in FD&C Blue No. 1 to not 
more than 3.0 per cent. 

The tentative A.O.A.C. method 1 for the determination of sodium 
acetate in FD&C Blue No. 1 is time consuming and gives varying results. 
The procedure described here, which is based on Freudenberg’s method* 
for the determination of acetyl groups, gives more satisfactory results. 

The sodium acetate is esterified to ethyl acetate in the presence of 
p-toluenesulfonic acid and silver toluenesulfonate, and distilled. The ester 
is saponified with a measured excess of standard sodium hydroxide, and 
the unconsumed base is titrated with standard acid. 

The silver toluenesulfonate, by precipitating silver halides, prevents 
interference by any halogen salts present. 

METHOD 

REAGENTS 

p-Toluene sulfonic acid. 

Silver toluenesulfonate .—Dissolve freshly prepared and washed Ag t O in approxi¬ 
mately 10% excess of p-toluenesulfonic acid solution, evaporate to dryness, and dry 
at 135°C. for 8 hours. 

APPARATUS 

The apparatus can be assembled from stock items. The distilling flask is a 125 
ml. acetylization flask with 24/40 standard taper joint. The receiver is a 300 ml. 
flask. The assembled apparatus is shown in Figure 1. 

PROCEDURE 

Add 20 ml. of absolute alcohol to the receiving flask, place it in an ice bath, and 
connect it to the apparatus. 

In the distilling flask, place a 2 gram sample of the dye, 4 grams of p-toluene- 
sulfonic acid, 1 gram of silver toluenesulfonate, and 40 ml. of absolute alcohol. 
Mark the flask to show the level of the contents. 

Distil from a vigorously boiling water bath; 15 minutes after the first distillate 
drops into the receiver, add 20 ml. of absolute alcohol and distil for 10 minutes; 
then add enough absolute alcohol to bring the contents to the original level and 
again distil for 15 minutes. 

Disconnect the receiving flask from the apparatus, add a measured excess of 0.1 
N NaOH, connect to a reflux condenser, and reflux for 10 minutes. Wash down the 


1 Methods of Analysis, A.O.A.C., 1940, 255. 

3 Freudenberg, K. and Harder, M., Ann., 433,230 (1923); 494,68 (1932). 
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condenser with water, remove the flask, and add enough distilled water to make an 
approximately (14*1) water-alcohol mixture. Cool to room temperature and titrate 
with 0.1 N HC1 and phenolphthalein indicator. 

Run blank distillation on all reagents, using the same procedure but omitting 
the dye sample. 



Fia. 1 


From the net volume of standard NaOH solution required for hydrolysis of the 
ester, calculate the amount of sodium acetate in the sample. 

1 ml. of 0.1 N NaOH-0.0082 gram of C,H,O a Na. 

Results by this method are shown in Table 1. Several determinations 
of the blank were run on the reagents used. The blank, which varied from 
0.50 to 0.54 ml. of 0.1 N HC1, is equal to 0.20-0.22 per cent of sodium 
acetate in a 2 gram sample. 
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Table 1 . —Recovery of eodium acetate in presence of FD&C Blue No . t 


MO. 

ADD1D 

sotnro 

GALCULATID 

TOTAL 

DXrrUBRNOS 


percent 

percent 

per cent 

percent 

— 

0 

0.08 

— 

— 

— 

0 

0.09 

— 

— 

— 

0 

0.10 

— 

— 

— 

0 

0.21 

— 

— 



Av. 0.12* 



1 

6.58 

6.57 

6.70 

-.13 

2 

3.54 

3.54 

3.66 

-.12 

3 

3.51 

3.49 

3.63 

-.14 

4 

2.65 

2.68 

2.77 

-.09 

5 

2.56 

2.68 

2.68 

.00 

6 

2.75 

2.82 

2.87 

-.05 

7 

2.62 

2.70 

2.74 

-.04 

8 

2.63 

2.64 

2.75 

-.11 

9 

2.52 

2.59 

2.64 

-.05 

10 

2.52 

2.58 

2.64 

-.06 


* The average quantity of the sodium acetate actually present in this batch. Deductions for reagent 
blanks were made. 


An average difference of — .08 per cent was obtained between the found 
and calculated values of sodium acetate in ten determinations when 2 
gram aliquot samples of FD&C Blue No. 1 were used. 

SUMMARY 

A method for determining sodium acetate in FD&C Blue No. 1 has 
been described. Typical results are given. 







BOOK REVIEWS 


Semimicro Quantitative Organic Analysis, By E. P. Clark. Academic Press, Inc., 

New York, 1943. 135 pp. Price $2.50. 

This book presents a description of methods for the elementary organic analyses 
most frequently encountered in a research laboratory, many of which have been for 
several years the official methods of the Association of Official Agricultural Chem¬ 
ists. This is perhaps the first American publication dealing with the analysis of 
Bemimicro quantities that gives detailed dimensional and pictorial representations 
of suitable apparatus which, for the most part, can be fabricated from the material 
available in the average organic research organization. This book could not only 
serve as a text for classroom instruction, but it is also especially valuable as a 
reference for the advanced analyst. It is particularly well adapted for the worker 
who, through temperament or lack of proper space or equipment, experiences 
difficulty with micro procedures. 

The first chapter gives a unique treatment of analytical procedure, which is 
made more valuable by the inclusion of much original material based upon the 
author's many years of experience. The next eleven chapters present met hods for 
the determination of carbon and hydrogen, Kjeldahl and Dumas nitrogen, halogens, 
sulfur, phosphorus, molecular weights, volatile fatty acids, and the alkoxyl, acetyl, 
and carboxyl radicals. Each of these thoroughly tested methods is treated in such a 
concise and yet sufficiently complete manner that there is never any doubt regarding 
the correct manipulations to be employed for arriving at a successful conclusion of 
the analysis. 

The final chapter contains many useful reference tables, and of special note is a 
table containing the percentage composition and molecular weights of a series of 
carbon-hydrogen-oxygen compounds encountered in natural products.— Fred 
Acree, Jr. 

Soybean Chemistry and Technology. By Klare S. Markley and Warren H. 

Goss. Chemical Publishing Company, Inc., Brooklyn 2, New York (1944). 261 

pages. Price $3.50. 

This book is presented in two parts, preceded by a brief introduction touching 
on historical, horticultural, and production topics. The first part on the Chemical 
Composition of the Soybean and Properties of Constituents and Derived Products 
includes the following topics: (on composition and properties) mineral constituents, 
protein and other nitrogenous constituents, enzymes, carbohydrates, glycosides, 
pigments, vitamins, oil and oil-soluble constituents. There are some 20 pages on 
physical and chemical characteristics of soybean oils, fatty acids and glycerides, 
sterols and other unsaponifiable constituents, oil-soluble pigments, antioxidants, 
and phosphatides. 

In Part II, after a brief historical sketch of the processing industry and a few 
pages on the grading and storage of the beans, the various methods of processing 
are covered in some detail. There are descriptions, and in many cases illustrations, 
of the Anderson expellcr, the various types of presses, mechanical and hydraulic, 
and of the numerous continuous solvent extractors, with a word or two on processes 
involving water flotation after chemical, mechanical, or enzymic disintegration. 
Full treatment is given to methods of refining the oil and of converting it into 
forms suitable for shortening and margarine. Other subjects covered include soy 
flour and soy phosphatides. Brief mention is made of the cost of processing beans, 
and lists are given of manufacturers of equipment, of mills operating on a full or 
part time basis, and of mills under construction. 
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It seems unfortunate that the book contains so very little information on soy 
flour and soy grist. This totals only a half page under the caption “soy flour.” 

The material is presented in a clear concise manner, well printed on good paper, 
and seems to be free of errors. This book, with 477 references cited to the literature 
under Part I and 207 under Part II, will make a valuable contribution to those in¬ 
terested in the various phases of the soybean industry or in research. Its value is 
enhanced by the authors* own data and investigations.—V. E. Mtjnsey. 




Dr. L. B. Rkoimshton, 18S(> 19B3 



LEVIN BOWLAND BROUGHTON 


Dr. L. B. Bioughton, Dean of tin* College of Arts and Sciences of the University 
of Maryland, dic'd suddc'nlv at. Ins homo m College Park, Maryland, Monday, 
December 13, 1943. Tin* sentiment of the University community was voiced by the 
President, I)i. II. C. By rd, when he stated. “Dr. Broughton is simply irreplaceable. 
Ho gave 1 his life* to the* Univeisitv of Maryland and the thousands of students who 
will come here in the yea is to come* will bo the beneficial les of what he has done.” 

Dr. Broughton was born on the Eastern Shore of Maryland in the town of Poc.o- 
muko, March 29, 1880. Ho attended the Pocomoke High School and Bollefonte 
Academy at Bollefonte, Pennsylvania He received Ins Bacheloi of Science degree 
in ehemistiy at the Maiyland Agricultural Colh'ge in 1908 and his Master of Science 
degree in 1911. He pursued his graduate studies at George Washington University, 
.Johns Hopkins University, and Ohio State University. The last-named institution 
granted him the Doctoi of Philosophy degree* in 1920 

Dr Bioughton joined t he staff of Maryland \gi icult ural College as an Assistant 
Chemist in 1908 lit' was given the* title of \ssoeiate Chemist m 1914, full Professor 
in 1918, and was made State* Chemist and head of the Chemistry Department in 
1929 He succeeded Thomas H Tahfeno as Dean of the College of Arts and Sciences 
in 1937 Di. Broughton retained the title of State Chemist to the tune of his death, 
and in leecnt yeai* was appointed by Governor O’Conor as a Commissioner of the 
Maryland State Department ol Geology, Mining and Water Resources. 

In addition to scientific oiganizations Mich as the American Chemical Society 
and the Association of Official \gncultuial Chemists, Dean Bioughton was a 
mcmbei of several social and civic gioups. \mong these were Kappa Alpha, a social 
fraternity. Phi Kappa Pin, honotarv scholastic; Sigma Xi, research; Alpha Chi 
Sigma, professional chemical fraternity , Onncron Delta Kappa, honoraiy leader- 
ship; and the Hotarv Club of College Paik. H<* took an active interest in church 
work and was a member of the Chinch Committee of St Andrew's Chapel at College 
Park and a member of the Brotherhood of St \ndrew, an international organization 
of churchmen 

On the Maiyland campus Dr Broughton was consideied a personal friend by 
both the students and faculty lb* easily rankl'd as one of the most handsome and 
best diessed mi'll at the Umveisity. Even in the laboratory he retained his im¬ 
maculate appeal mice with gold cuff links and a stiff collar on a pure wdute shirt. 
Ills heavy suit of gray hail and hi*> e\e glasses held by a long black ribbon added to 
his distinguished appearance He was always interested in young people's affairs 
and retained to the last a lively' inteiest in athletics For many .years he served as 
chan man of the University Athletic Hoard. 

His human interest m dealing with people was well illustrated by his personal 
discussions with his associates m the chemistry depaitmcnt. He was always careful 
to consider tin* other membeis of the department as associates and never as subordi¬ 
nates. While head of the Chemisti.v Department, almost every year at the close of 
school in .1 uno he organized a fishing puity foi the members of the department, and a 
glorious dav was spent casting for bluefish in Chesapeake Bay\ Dr. Broughton loved 
his native Eastern Shore and endeavored to spend a week or more each summer at 
Ocean City, Maryland. 

Dr. Broughton’s greatest interest was in the field of agricultural chemistry, even 
from the date of his graduation. In 1912 his investigation of lime distribution and 
loss in the soil was published as a Mary land Experiment Station Bulletin. It was 
on this research that he was awarded the Master of Science degree. His dissertation 



presented for llu* Doctor of Philosophy degree at Ohio State University, entitled 
“A Study of the delation of Fineness to the Efficiency of Limestone in Correcting 
Soil Acidity,” was complet'd under the direction of Dr. Forman E. Bear. Among his 
other publications having direct hearing on agricultural technology were*the fol¬ 
lowing:— 4 'The Test of Availability of Different Grades of Limestone,” “Potash 
from Industrial Alcohol,” “An Industrial Alcohol By-Product Stock Food,” “Studies 
Relative to the Hydrolysis of the Fat of Home Cured Hams,” and “Worm-seed Oil 
Production.” 

In the Presidential Address before the 57th Annual Meeting of the Association 
of Official Agricultural Chemists, Dr. Broughton stated that he attended his first 
meeting of the Association in 190S. For thirty-five years he maintained a strong 
interest in the affairs of the Association. In 1929 and 1930 he served as Associate 
Referee on Chenopodium. This assignment, undoubtedly came about because* of his 
interest m flit' production of worm-seed oil in Maryland and his researches on 
ascnridol. From 1933 to 1938 he was a member of Subcommittee B and for the last 
two years of this term was the Chairman. Dr. Bioughton’s ardent work on this com¬ 
mittee earned lnm a position on the Executive Committee* of the Association from 
1937 to 1943. He was elected Vice-President of the Association for the two years, 
1939 and 1910, and President in 1941. It is a marked occasion when a member serves 
the Association for such a long time any! in such important capacities. 

Dr. Broughton’s presidential address, presented Octobei 27, 1941, was entitled 
“The Foi mation and Development of the Association of Official Agricultural 
Chemists.” This will long stand as a classical review of the development of agricul¬ 
tural chemistry in the Western part of the world and especially in America. In this 
address In* also indicated the progiess of instruments as analytical tools. 

Dean Broughton issuivived by his widow, Mis Eaurisc McDonnell Broughton; 
a daughter, Mrs. Elinor C Etienne, and a son, Barnett, who is a cadet at West 
Point. 


Chuu.es E. White 


LIEUTENANT MELVIN MORTON SPRUIELL 


On July 6, Mr. and Mrs. J. M. Spruiell, of Leeds, Alabama, received that saddest 
of all messages from the War Department—“The Secretary of War desires me to 
express his deepest regrets that your son, First Lieutenant Melvin M. Spruiell, was 
killed in action on eleven June in France.” 

Dr. Spruiell was appointed as analyst in the Food and Drug Administration in 
July, 1939. Being a reserve officer, he was called into active service on January 13, 
1942. When the Army called for volunteers for paratroop service, he was among the 
first to apply. As a member of the 101st Airborne Division, he was sent overseas, 
where his unit received some nine months special training preparatory to the in¬ 
vasion of France. 

Dr. Spruiell received his A.B. degree at Alabama Polytechnic Institute after 
work in chemical engineering. He received a fellowship to the University of Ten¬ 
nessee, which conferred a Master’s degree upon him. Later, again under a fellowship, 
he took graduate work at Ohio State University and received his Ph.D. in 1939. 
While assisting in physiological chemistry at Ohio State University he was elected 
to Sigma Xi, a recognition of the excellence of some of his research work. 

While serving in the Food and Drug Administration his unusual talent as a 
chemist and his splendid qualities as a man immediately became apparent. In ad¬ 
dition to analyzing a wide variety of food, drug, and cosmetic products, he concluded 
a number of original investigations. Especially noteworthy was his work on cerium 
and on methods for the determination of urea in complex mixtures. He continuously 
evidenced an insatiable curiosity regarding the different avenues of approach to his 
laboratory problems and was satisfied with nothing less than absolute accuracy and 
completeness. His work definitely marked him as a man destined for rapid and far- 
reaching advancement in the food and drug field. 

In an article in the newspaper of Leeds, Alabama, the following paragraph ap¬ 
peared: 

Melvin Morton Spruiell gave his life for his country in the Invasion of France, 
June 11. It was a high price to pay, for his was an outstanding life, one of high mor¬ 
als, clean thoughts, character, unusual intelligence, a keen sense of humor, apprecia¬ 
tion of fine arts, and deep religious convictions. 


S. A. Postlb 



REPORT ON UNFERMENTED REDUCING 
SUBSTANCES IN MOLASSES 


By F. W. Zerban (New York Sugar Trade Laboratory, 

New York, N. Y.), Associate Referee 

Since the results obtained by the collaborators do not check satisfacto¬ 
rily, and it is not known whether the discrepancies are due to faults in the 
determination of copper reducing power, or to differences in the action of 
the yeast used by individual collaborators, it is recommended that in 
further work on this subject the determination of copper reducing power 
be investigated separately, with samples of commercial distillery slop, 
and that the study of the effect of the yeast be deferred until that problem 
has been solved. 


REPORT ON HONEY AND HONEYDEW HONEY 

By George P. Walton (Special Commodities Branch, 

Office of Distribution, War Food Administration, 
Washington, D. C.), Associate Referee 

A study of honeydew honey was started by this Association following 
its 56th Annual Meeting in 1940. Since among the commonly recognized 
constituents of this product, its dextrin content appeared to give greatest 
promise to the chemist for distinguishing honeydew honeys from true 
nectar honeys and in detecting the presence of honeydew in honeys the 
collaborative work during 1941 was in part directed towards simplifying 
and improving the tentative method for determining dextrin in honeys 
(Methods of Analyses , A.O.A.C. , 1940, 510). 

Dextrin. —The results of this collaborative work, which were reported 
at the 1941 meeting ( This Journal , 25, 681) proved disappointing. Not 
only were the data for dextrin content obtained by a proposed new method 
employing double precipitation with alcohol highly erratic, but the varia¬ 
tion in results obtained by the official A.O.A.C. method was also exces¬ 
sive. 

The work planned for 1942 projected a continuation of collaborative 
study of both the tentative and the double precipitation methods for 
dextrin ( This Journal , 25,683), each method to be modified by the require¬ 
ments that a Gooch crucible be used in place of filter paper in filtering 
off the alcohol precipitate; that each method be liberalized to permit 
weighing the charge of honey directly into an Erlenmeyer flask, and that 
the addition of alcohol be controlled by weighing, instead of by bringing 
to a given volume. These proposed improvements were in part suggested 
by M. J. Proffitt, one of the 1941 collaborators. 

In line with the proposal to control the addition of alcohol by weighing, 
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instead of by completing to volume, the Associate Referee experimentally 
determined weight and volume relationships existing between the charge 
of honey, the water present, and the alcohol required in the precipitation 
of dextrin by the official method. A short paper reporting this work has 
been prepared for publication in This Journal (see p. 582). This work 
shows that in the 95-96 per cent (by volume) alcohol, at 20°C., the 
charge of 4-8 grams of liquid honey, under the conditions prescribed for 
the precipitation of the dextrin by the official method, occupies an appar¬ 
ent volume of 0.660 ml. (±0.004 ml.) per gram. This relationship held 
equally well for a charge of 4 grams of honeydew honey of low moisture 
content or for one of 8 grams of thin-bodied honey containing 20.7 per 
cent of moisture. 

The projected collaborative study of the two methods for determining 
dextrin was not carried out, however. Work on projects more directly 
related to the War effort delayed the organization of the work. Further¬ 
more, a most discerning critique of the two methods, in the light of the 
1941 results, made in a letter dated November 16, 1942, by the late Gen¬ 
eral Referee, R. F. Jackson, suggests the empirical character of the official 
method, and raises serious doubts as to the value of the double alcohol- 
precipitation method. Jackson wrote: 

I am inclined to raise the fundamental question whether the dextrins in honey 
are completely nonreducing. The nearly 50% occluded reducing sugars (in the crude 
dextrin precipitated by the alcohol) seems a pretty high degree of occlusion. We are 
able to ascribe a definite reducing power to the modified starches and even to the 
modified celluloses. It would seem to me highly probable that the low-molecular- 
weight dextrine would have reducing properties, and I have thought that this was 
generally recognized. If this is true, the results by Method I corrected for invert 
sugar are already too low, but even these corrected results are considerably higher 
than those by Method II. (Method I was the official, Method II the double precipi¬ 
tation method.) 

This raises the further question whether precipitation by alcohol is quantitative. 
Mr. Ferguson’s comments suggest that in some instances it is not. The lower results 
by Method II, as compared with Method I, can be interpreted in but two ways. 
Either the crude dextrin precipitate in I is seriously contaminated by noncarbo¬ 
hydrates or the alcoholic precipitation is not quantitative and the double precipita¬ 
tion of II causes the greater loss of dextrin. 

The first suggestion, that results by the official method corrected for 
invert sugar (i.e. corrected for copper-reducing substances) are too low 
(because the dextrin itself might have reducing power), has recently been 
fairly well substantiated by the work of J. W. Evans and W. R. Fetzer 
on dextrins from com sirup. 1 These chemists also found that as many as 
nine successive precipitations by alcohol are necessary to obtain a de¬ 
finite corn-sirup dextrin with constant reducing power. 


i Ind . Eng . Chem., 55, 439-41 (1943). 
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Determinations of dextrin and of the “reducing sugar corrections” on 
the dextrin by the official method, and also after two precipitations by 
96-96 per cent alcohol, were made in 1942 by the Associate Referee on 
several samples of honeydew honey received from different States. Sub¬ 
stantial “corrections,” based upon copper reduction, were obtained in 
every case on the dextrins, even after two precipitations; and the size of 
the correction (calculated as invert sugar) was nearly as large (in propor¬ 
tion to the weight of crude dextrin precipitate) as it was when the dextrin 
was precipitated only once by the official method. However, the amount 
of “corrected” dextrin obtained when two alcohol precipitations were 
made, was only 33-40 per cent of the amount obtained by the official 
method. 

In view of the work on dextrins since the 1941 report, mentioned above, 
further collaborative work on the double alcoholic precipitation method 
does not appear to be justified. Instead, efforts should be concentrated 
upon simplifying and improving the present official method to the point 
where concordant results can be obtained by different collaborators. It 
should also be frankly recognized that the official method is an empirical 
method, and that it does not necessarily yield the true dextrin content of 
honey or honeydew honey. 

The apparent limitations of the official method were recognized by the 
general referee, and in the letter quoted above he suggested the desirabil¬ 
ity of working out a method for the determination of pure dextrin. Jackson 
wrote: 

It would, however, be of great value to devise a method which would yield an 
approximate measure of true dextrin. In a cursory survey of the literature I notice 
that much attention has been paid to fermentation processes. Most of these, how¬ 
ever, have involved the use of selective strains of yeast. 

Recently Stark and Somogyi* have shown that dextrose can be fermented quanti¬ 
tatively in the presence of maltose at pH 8.4 without effect on the maltose. My guess 
would be that dextrins would be at least as resistant as maltose. We have used this 
method with success and have found that levulose is fermented with the dextrose. 
Possibly this method could be used in the determination of dextrins. It would be 
necessary to ferment the reducing sugars at the proper pH, separate the yeast by 
centrifuge, hydrolyze, and determine reducing sugar. 

Finally, in view of the work of R. E. Lothrop, 8 and of J. A. Munro, 4 it 
is suggested that measurement under standardized conditions of the 
relative viscosity of an aqueous solution of the alcohol precipitate of a 
honey may provide a method of determining its true dextrin content. 
The viscosity measurements should be made at standardized total solids 
content and temperature (e.g. 20°C.). 


*J. Biol. Chem., 142, 579-584 (1942). 

* Am. Bet J. t 79.130 (1939). 

«Unpublished thesis “The Viscosity and Thixotropy of Honey,” presented at Cornell University, 
May 1942, in partial fulfillment of the requirement for the Ph.D. degree. 
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Free Add in Honey .—Some work on the titration of the free acid in 
honey by R. A. Osborn, 1941 collaborator, and on honey sirups by the 
Associate Referee indicates that acid is formed at, or near, the neutral 
point sufficiently rapidly to cause comparatively quick fading of the pink 
color of the phenolphthalein indicator after progressive additions of alkali. 
This interference with the establishment of a definite end point of the 
titration appeared to be accentuated when the temperature of the labora¬ 
tory was high, and the titration of buckwheat honey seemed to be par¬ 
ticularly affected. Presumably, on the alkaline side of the neutral point 
acidic substances are formed by oxidation of the simple sugars of honey 
(levulose and dextrose) by the oxygen of the air. 6 If this is assumed to be 
the case, the true value for the free acid titration would be more nearly 
determined by titrating only to the point where the faint pink color per¬ 
sists just long enough to make it certain that it was not the result of in¬ 
sufficient mixing; 15 seconds would seem to be sufficient time, but col¬ 
laborative work should be done to test the point. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the present official method for determining dextrin in honey 
be recognized as an empirical procedure, and that study be undertaken 
for the purpose of substituting a Gooch crucible for the filter paper for 
filtering off the alcohol precipitate. 

(2) That the official method for the determination of free acid in honey 
be studied with a view to making it more definite with respect to the end 
point of the titration with 0.1 N sodium hydroxide by including directions 
to “titrate until the faint pink color persists for 15 seconds (or some similar 
short period of time).” 

(3) That study of the double alcoholic precipitation method for the 
determination of dextrin in honey recommended in the 1941 report of this 
associate referee be discontinued. 

(4) That consideration be given, with a view to future work by this 
Association, to: 

(a) The suggestion of the late General Referee regarding the deter¬ 
mination of true dextrin in honey by means of precipitation (by alcohol) 
followed by selective fermentation of occluded sugars; 

(b) The possible determination of the dextrin in honey, after its precipi¬ 
tation by alcohol, by determining the viscosity of an aqueous solution of 
the dextrin under standardized conditions; and 

(c) A fundamental study of the characteristic properties of the dextrins 
of honey and honeydew honey. 


1 Browne and Zerban, "Physical and Chemical Methods of Sugar Analysis/’ 3rd ed. (1041), 053. 
* For report of Subcommittee D and action by the Association, see Thta Journal , 27, 09 (1944). 
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REPORT ON WATERS, BRINE AND SALT 

By Anna E. Mix (U. S. Food and Drug Administration, 
Washington, D. C.), Referee 

The Referee has investigated the extent of the use of various methods 
of reporting results of analyses of samples of water and brine, and the 
attitude of the workers using these methods. In comparing the reports 
made by professional workers in America with those made by scientists 
of European and other foreign countries, it was found that they all recog¬ 
nize the value of the A.O.A.C. tentative method {Methods of Analysis , 
A.O.A.C., 1940, 543) of reporting results for interpretation of the compo¬ 
sition of water and brine samples. 

W. D. Collins, in charge of Quality of Water Division, Geological Sur¬ 
vey, states: 

I would favor the adoption of the method as official for those who wish to use 
hypothetical combinations in reporting water analyses. It has been recognized that 
a report of a water analysis in ions does not give all the information that can be 
obtained from the analytical work. The Geological Survey has made certain com¬ 
putations of properties of natural waters and has made diagrams of analyses, all 
of which involved assumptions like those made for the computation of hypothetical 
combinations. These assumptions have been exactly in agreement with the order of 
combinations of the ions provided for in the A.O.A.C. tentative method, Book of 
Methods , 5th ed., 1940, XXXVII, 81. I believe that the tentative method represents 
practically universal practice throughout the world in the reporting of water analyses 
in hypothetical combinations. 

R. C. Bardwell, Superintendent of Water Supply, C. & O. Railway 
Company, states: 

The methods for reporting analyses in terms of ions and equivalents per million, 
as used by the U. S. Geological Survey, and recommended in American Society for 
Testing Materials Standard D-596-41, are eminently proper for the use of scientists. 
Even then, they are of no value until the positive and negative ions or equivalents 
are matched up, or charted as is the practice of Dr. Collins. However, the explana¬ 
tion of constituents found in water and brine as ions or equivalents is merely a cause 
for bewilderment when reported as such to the general public who have become 
accustomed to such reports in terms of actual salts with which they arc more or less 
familiar. This may not be entirely scientifically correct, but it ns nearly as firmly es¬ 
tablished as the use of feet and inches and pounds in place of the metric system and 
for any one dealing with the general public, it is still necessary to continue this prac¬ 
tice if he is to be understood at all, or plot up charts as is done by Dr. Collins, which 
entails considerably extra time not ordinarily available in the usual commercial 
laboratory. 

I have consistently maintained that as long as hypothetical combinations are 
to be used, which will undoubtedly continue beyond our generation, the most helpful 
thing that can be done from a scientific standpoint would be to recommend a stand¬ 
ard method for making these hypothetical combinations so that the reports will, at 
least, be uniform and comparable. Analyses published by the American Water 
Works Association and the American Public Health Association are also included 
in substantially the same form in the Manual of Recommended Practice of the 
American Railway Engineering Association, and both of these bodies have voted 
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to continue this practice. It would therefore not appear out of line for the A.O.A.C. 
to make it their official standard. 

The Referee shares in the views expressed in these communications. 

The Associate Referee on Iodides in Salt, Major Tripp, was unable to 
attend the meeting, and he requested Miss Huntley, who has carried on 
the associate referee’s work since he went into the service, to report the 
results obtained and the various phases connected with the determination 
of iodide in salt. Progress has been made by the associate referee in the 
study of methods for this determination and also by the Referee, asso¬ 
ciated with R. A. Osborn and L. L. Ramsey (This Journal , 26,440). 

The associate referee believes that the modification of the Elmslie- 
Caldwell method used in his work and the collaborative results obtained 
warrant the adoption of this method. The method developed by Osborn, 
Mix, and Ramsey has not had sufficient collaborative study. However, 
the results obtained appear to be only slightly lower than those found 
by the associate referee using the modified Elmslie-Caldwell method. 

The Referee conducted a few experiments on the determination of 
fluorine in salt, and the results look promising, but it is considered that 
a report at this time would be of little value. The Referee had no oppor¬ 
tunity to work on methods for the determination of boron in water. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the tentative method of reporting results on waters and brine 
(Methods of Analysis , A.O.A.C., 1940, 543, 81) and the table of combining 
weights and their reciprocals (Ibid., 554, 82) be made official (first action). 
These figures were calculated from the International Atomic Weights of 
1939, but no change was noted in the 1943 table. 

(2) That study of methods for the determination of boron in waters be 
continued. 

(3) That the tentative method for preparation of sample of salt (Ibid., 
549, 113), and the tentative method for the determination of sulfate in 
salt, Ibid., 550, 118), be further studied. 

(4) That the method for the determination of fluorides in water (Ibid., 
529, 22-25), corrected and reprinted to show changes made in 1940-41 
(This Journal, 25,101) be made official (final action). 

(5) That methods for the determination of fluorine in salt be studied. 

(6) That methods for sampling iodized salt be further studied. 

(7) That tentative methods I and II for the determination of iodides 
in salt (Methods of Analysis, A.O.A.C., 1940, 547 and 548, 100-105) be 
dropped because newer methods are more rapid and produce accurate 
results. 


For report of Subcommittee D and action by the Association, see This Journal, 27,70. 
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(8) That methods for the determination of iodides in salt (Ibid., 368, 
58; This Journal, 26, 440; Ind. Eng. Chem., Anal. Ed., 5, 368) be studied 
collaboratively. 

(9) That the Elmslie-Caldwell procedure for the determination of 
iodine in mineral mixed feeds (Methods of Analysis, A.O.A.C., 1940, 368, 
58), as modified by the Associate Referee on Salt (This Journal, 27, 110) 
be made official (first action) for the determination of iodine in salt. 


REPORT ON IODIDES IN STABILIZED 
IODIZED SALT* 

By Laura M. Huntley, Associate Referee, and J. T. Tripp| 
(Bureau of Laboratories, Michigan Department of 
Health, Lansing, Mich.) 

« 

The American Public Health Association in January, 1942, presented 
the following resolution: 

Resolved , That all salt for table use of human beings and salt used for feeding to 
domestic animals in the United States should contain one hundredth of one per cent 
of Potassium Iodide or its equivalent, viz., forty-five milligrams of Potassium Iodide 
to each pound of salt, provided that an effective stabilizer be used. 

This resolution was the result of collaborative work and recommenda¬ 
tions previously made by the American Public Health Association, Com¬ 
mittee on Study of Endemic Goitre; National Research Council, Com¬ 
mittee on Food and Nutrition; and the American Medical Association, 
Council on Food and Nutrition. 

The reduction in iodine content, coupled with the use of various stabi¬ 
lizers, raised the question of the suitability of the existing methods for 
analyzing such iodized salt. At that time it was not known whether the 
tentative method of the A.O.A.C. 1 for the determination of iodides in 
brine would give accurate results on these preparations. Therefore, this 
study was initiated to evaluate analytical procedures for the determina¬ 
tion of iodides in stabilized iodized salt. 

The appointment of the A.O.A.C. Associate Referee on Salt to the 
American Public Health Association Committee on Standard Methods 
prevented duplication of work. Further coordination was secured by the 
appointment of members of the American Medical Association and Na¬ 
tional Research Council to the American Public Health Association Com¬ 
mittee on Endemic Goitre. Members of the salt producing industry were 
invited to present the technical difficulties incident to the adoption of a 
reduction in potassium iodide content, and to suggest the technical needs 


* Submitted in partial fulfillment for the Degree of Master of Science, Department of Bacteriology, 
Michigan State College, 1944. 
f Former Associate Referee, 
i Mtthod * o/Arudyti b, A.O.A.C., 1940, 547, 102. 
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of the industry regarding control methods. The Salt Producers Associa¬ 
tion has given support to the work of the Associate Referee through its 
Committee on Standard Practices. 

The work to date has been divided into two phases. Phase I is a collab¬ 
orative study designed to evaluate the methods routinely used by control 
analysts. Each collaborator was asked to use a method of his own choice 
in analyzing the samples submitted to him. Phase II also is a collaborative 
study designed to evaluate further the two methods (both of which gave 
satisfactory results) most frequently selected by the collaborators in 
Phase I of the study. Each analyst was requested to use the two specified 
methods in analyzing the samples submitted to him in the second phase 
of the study. 

PHASE I 

Samples used .—Each of nine salt producing companies located in vari¬ 
ous areas throughout the United States and employing different stabilizers 
collected 24 cartons of iodized salt from their production lines. 

Preparation of samples .—The contents of ten of the cartons from each 
company were pooled, assigned a sample number, and thoroughly mixed. 
Aliquots of the salt were accurately weighed, and 20 liters of a 20 per cent 
solution was prepared from each of the nine salt samples submitted. 
Sufficient acid (concentrated sulfuric or concentrated hydrochloric, de¬ 
pending on the nature of the stabilizers) was added to dissolve the stabi¬ 
lizers. The quantities of concentrated acids added were as follows: 




Acid added ,/ 

Sample No. 

Stabilizers 

liter solution 
ml. 

1 

MgCO, 

0.75 II 2 S0 4 

2 

MgCO, 

0.50 H 2 S0 4 

3 

MgCO, 

1.00 h 2 so 4 

4 

Ca,(P0 4 ) 2 



NaHCO, 

Dextrose 

0.89 HC1 

5 

MgCO, 

0.75 H 2 S0 4 

6 

Ca,(P0 4 ) 2 

2.00 HC1 

7 

MgCO, 



CaO 

Na 2 S 2 0 3 

0.80 II 2 S0 4 

8 

Ca,(P0 4 )a 

NaHCO, 

2.00 HC1 

9 

Ca,(P0 4 ) 2 

NaHCO, 

2.75 HC1 
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The solutions were sent to the collaborators in amber glass bottles, 
sealed with “celoseal” caps, and labeled to show sample number, concen¬ 
tration of salt, and kind and amount of acid added. 

Collaborating analysts .—Aliquots of all nine samples were submitted to 
the following collaborating analysts, each of whom was asked to use a 
method of his choice in analyzing for per cent iodine. 


Organization 

American Salt Company, Kansas City, Mo. 
Barton Salt Company, Hutchinson, Kan. 

Carey Salt Company, Hutchinson, Kan. 
■“Colonial Salt Company, Akron, Ohio 
•Diamond Crystal Salt Company, St. Clair, Mich. 
•Hardy (Manistee) Salt Company, Manistee, 
Mich. 

•International Salt Company, Watkins Glen, 
N. Y. 

Jefferson Island Salt Company, Jefferson Island, 
La. 

Leslie Salt Company, Newark, Calif. 

Michigan Department of Health, Lansing, Mich. 
•Morton Salt Company, Chicago, Ill. 

Myles Salt Company, Weeks, La. 

•Ohio Salt Company, Rittman, Ohio 
•Union Salt Company, Cleveland, Ohio 
U. S. Department of Agriculture, Washington, 
D. C. 

Wisconsin Department of Agriculture, Madison, 
Wis. 

•Worcester Salt Company, Silver Springs, N. Y. 


Analyst 

Kansas City Testing Laboratory 
R. S. Humphreys 
L. A. Enberg 
L. C. Judy 
H. W. Diamond 

C. G. Lindstrom 
A. Marciniak 

J. Grant-Mackay 

D. S. See 
Laura Huntley 
C. H. Martin 
Staff Chemists 
T. R. Rader 

The Textor Laboratories 
R. A. Osborn 

E. LeMense 

F. D. Everett 


* Furnished salt samples, as did also the Watkins Salt Company, Watkins Glen, N. Y. 


Methods employed .—The following methods of analysis were selected 
by the collaborating analysts: 

I. Elmslie-Caldwell 2 

II. Sadusk-Ball* 

III. Potassium cyanide (original reference not available) 

IY. Tentative method for brine, A.O. A.C. 1 

V. Woodward 4 

VI. Fresenius 6 

VII. Viebock and Breckner 8 - 7 method modified by New York Station of Food 
and Drug Administration. 

RESULTS AND CONCLUSIONS 

The results submitted by the 17 collaborating analysts are presented 
in Table 1. 


* Method, 8 of Analysis, A.O.A.C., 1940, 308, 58. 

* Ind. Eng. Chem., Anal. Ed., 5, 386 (1933). 

« Mich. Dept, of Agr. Bull., 38, 14 (1924-5); Am. J. Pub. Health, 19,991 (1929). 

* Furman, f ‘Scott’s Standard Methods of Ana... 

* Pharm. Monats., 10, 191 (1929). 

* This Journal, 17, 486 (1934). 


I Analysis,” Vol. 1, 454 (1939). 


Table 1. —Iodine (/*) content of iodized salts determined by collaborating analysts employing methods of their own choice 
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The two most popular methods, as evidenced by the number of an¬ 
alysts who selected them, were the Elmslie-Caldwell 2 (Method I) and the 
Sadusk-Ball 8 (Method II). Both procedures gave satisfactory results as 
judged by their distribution about the mean values. The other five meth¬ 
ods were less frequently used, and while the results in some cases were 
apparently erroneous there are not sufficient data to prove or disprove 
their value as analytical procedures. By the same token there are not 
sufficient data to justify the acceptance of either Method I or Method II 
as completely satisfactory procedures. These data only indicate that 
Methods I and II were used most frequently by this collaborating group 
of analysts and that the results obtained showed deviations that were 
within reasonable limits. 


PHASE II 

Source of samples .—The following salt producing companies, located in 
various areas and employing different stabilizers, collected a number of 
cartons of iodized salt from their production lines at each of several speci¬ 
fied time intervals during two consecutive days. 

Hardy (Manistee) Salt Company 

Jefferson Island Salt Company 

Ohio Salt Company 

Watkins Salt Company 

Preparation of samples .—Manufacturers code letters A, B, C, and D 
were assigned to the samples, and to each of the code letters was added 
the serial number given by the individual producer to denote order of 
collection (e.g., A-l, A-2, A-3, etc.). Each sample was prepared by pool¬ 
ing and thoroughly mixing the contents of four cartons bearing the same 
code letter and number (e.g., A-l). Aliquots of salt were accurately 
weighed, and 6 liters of a 20 per cent solution was prepared from each of 
the samples collected at specified intervals by the four companies; 1 ml. 
of concentrated sulfuric acid per liter of solution was added to each sample 
to dissolve the stabilizers. The solutions were placed in amber glass bot¬ 
tles, sealed with “celoseal” caps, and labeled to show sample number, 
concentration of salt, and amount of sulfuric acid added. 

Collaborating analysts .—Six collaborating analysts were sent Samples 
A-l to A-9 and B-l to B-9, and six other analysts were sent Samples C-l 
to C-9 and D-l to D-6. However one analyst of the second group failed 
to submit results, and another analyst, because of technical difficulties, 
was unable to submit an acceptable report. It was unfortunate that both 
analysts had received the C and D series of samples. The names of the 
10 collaborating analysts submitting acceptable results follow: 

Barton Salt Company, Hutchinson, Kan. R. S. Humphreys 

Carey Salt Company, Hutchinson, Kan. L. A. Enberg 

Colonial Salt Company, Akron, Ohio L. C. Judy 
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Diamond Crystal Salt Company, St. Clair, Mich. 

Hardy (Manistee) Salt Company, Manistee, Mich. 
International Salt Company, Watkins Glen, N. Y. 
Jefferson Island Salt Company, Jefferson, Island, La. 
Michigan Department of Health, Lansing, Mich. 
Morton Salt Company, Chicago, Ill. 

Ohio Salt Company, Rittman, Ohio 


F. G. Miller and 
J. E. LaPorte 
C. G. Lindstrom 
A. Marciniak 
J. Grant-Mackay 
Laura Huntley 
C. H. Martin 
T. R. Rader 


Methods employed .—The collaborating analysts were asked to analyze 
the samples for per cent iodine by both the Elmslie-Caldwell 2 and Sadusk- 
Ball 8 procedures, which in Phase I of the study gave satisfactory results, 
and were most frequently selected by the collaborators. The procedures 
are as follows: 


IODIDE IN SALT 
Method I. — Elmelie-CaldwelP 
REAGENTS 

(a) Sodium thiosulfate solution. —0.005 N. Dissolve 12.4 grams of reagent-grade 
Na 2 S 2 0 2 * 5 H 2 O in freshly distilled water and dilute to 1 liter, giving an approximately 
0.05 N stock solution. Prepare 0.005 N solutions by dilution of this stock solution 
with freshly distilled water. 

(b) Standard potassium iodide solution. —Prepare a solution containing exactly 
0.1308 gram of reagent-grade KI (0.1000 g I 2 ) per 1 liter of freshly distilled water. 

REACTIONS 

2KI + 6Br 2 + 6H a O - 2KIO* +12HBr 
KIO a +5KI -f 2H 8 P0 4 = 3I 2 + 2 K 3 PO 4 4*3H 2 0 
2Na 2 S 2 O s + I 2 - Na 2 S 4 0 6 +2NaI 

DETERMINATION 

In a flask place 25 ml. aliquots of a 20% solution of iodized salt, add 5 grams of 
Na 2 COa, cover flask with watch-glass, and boil gently for 10 minutes. Transfer 
contents of flask to an 18 cm. filter paper and wash with boiling water, catching 
filtrate and washings in 500 ml. Erlenmeyer flask (solution should total about 300 
ml.). Neutralize to methyl orange with 85% HjPCL, and add 1 ml. in excess. 

Add excess of Br water and boil solution gently until colorless, and then 5 minutes 
longer. Add a few crystals of salicylic acid and cool to approximately 20°. Add 1 ml. 
of 85% H*P 04 and approximately 0.5 gram of KI and titrate the I with 0.005 N 
Na 2 S 2 0 2 in the usual way, using starch solution as indicator. 

Standardize the Na 2 S 2 0s solution by measuring into a 500 ml. Erlenmeyer flask 
exactly 25 ml. of the standard KI solution, 300 ml. of water and 5 grams of Na 2 C 03 , 
neutralizing, and proceeding as directed above, beginning “Add excess of Br 
water . . . ” 

It is advisable to standardize the Na 2 S 2 0i solution same day determinations are 
conducted. 

Method II. — Saduek-BaU* 

REAGENTS 

(a) Sulfuric acid .—2 N* I volume of concentrated H 3 SO 4 plus 17 volumes of 
freshly distilled water. 
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(b) Bromine vapor .—Blow air (washed with water and dried by CaClj) through 
a gas-washing tube containing C.P. bromine. Deliver vapors just above the liquid 
in the flask. 

(c) Potassium iodide solution. —10%. 10 grams of reagent-grade KI/100 ml. 
(freshly prepared). 

(d) Sodium thiosulfate solution. —0.005 N. Dissolve 1.24 grams of reagent-grade 
Na2S20s*5H 2 0 and 3.8 grams of crystallized borax (Na 2 B 407 * 10H 2 O) in freshly dis¬ 
tilled water and dilute to 1 liter. Standardize the solution immediately before use 
by titration against standard KIO* solution. 

(e) Standard potassium iodate solution. —0.005 N. Prepare a stock solution con¬ 
taining exactly 3.567 grams of reagent-grade KlOa per liter, giving a 0.1 N solution. 
Further dilute the stock solution to give a 0.005 N reagent. 

REACTIONS 

2KI + 6Br 2 + 6H 2 0 - 2KIO, + 12HBr 
KlOa +5KI -f 3HaS0 4 «3Ia 4-3H20 + 3 K 2 SO 4 
2Na 2 S a O, H-Ia« Na2S 4 0 8 +2NaI 

DETERMINATION 

Transfer a 5 gram portion of the salt and 100 ml. of freshly distilled water to a 
200 ml. Erlenmeyer flask and mix the contents of the vessel until solution of the 
sodium chloride has taken place. Add methyl orange indicator and introduce 2 N 
H 2 SO 4 drop by drop until a pink color results which persists on standing. After the 
addition of 2 ml. of 2 N H2SO4 and Br vapor, add a few glass beads and boil the 
solution until the yellow color due to bromine disappears and then for 2 minutes 
longer. Upon cooling, wash down the sides of the flask with approximately the 
amount of water lost by boiling. Add 2 ml. of the 10% KI solution (freshly prepared) 
gently swirl the contents of the flask, and titrate liberated iodine immediately with 
0.005 N thiosulfate, adding 2 ml. of starch indicator near the end point. 

RESULTS AND CONCLUSIONS 

The results of the 10 collaborating analysts are given in Table 2. These 
data show that there was close agreement between the results submitted 
by individual analysts and that the Elmslie-Caldwell and Sadusk-Ball 
methods are equally suitable as analytical procedures for the determina¬ 
tion of iodine in stabilized iodized salt. 

RECOVERY EXPERIMENTS 

In order to evaluate further the two methods for the determination of 
iodine in stabilized iodized salt, recovery experiments were performed by 
the Associate Referee. In both procedures reagent-grade potassium iodate 
(Bakers analyzed) was used to standardize the 0.005 N sodium thiosulfate 
solution. The iodine contents of the iodized salt solution and of the stock 
potassium iodide solution were determined by a series of six analyses on 
each, and mean values were used in the calculation of the recoveries. The 
results of these recovery series are given in Table 3. These data are in 
agreement with those previously presented, and they further indicate that 
both methods are sufficiently accurate for the determination of iodine in 
stabilized iodized salt. 
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Table 3. —Recoveries of iodine added as KI to 25 ml. of 
a 20% iodized salt solution 


TRIAL 

NUMBER 

It CONTENT 

or IODIZED 

BALT SOLUTION 

It ADDED 

AS KI 

TOTAL 

It 

DETERMINED 

I. 

RECOVERT 

A. By Elmslie-Caldwell method 


mg. 

mg. 

mg. 

mg. 

per cent 

1 

.6714 

.2236 

.8950 

.8979 

100.32 

2 

.6714 

.2236 

.8950 

.8817 

98.51 

3 

.6714 

.4472 

1.1186 

1.1122 

99.43 

4 

.6714 

.4472 

1.1186 

1.1214 

100.25 

5 

.6714 

.8943 

1.5657 

1.5948 

101.86 

6 

.6714 

.8943 

1.5657 

1.5927 

101.72 


B. By Sadusk-Ball method 


1 

.6973 

.2236 

.9209 

.9194 

99.84 

2 

.6973 

.2236 

.9209 

.9206 

99.97 

3 

.6973 

.4472 

1.1445 

1.1468 

100.21 

4 

.6973 

.4472 

1.1445 

1.1427 

99.85 

5 

.6973 

.8943 

1.5916 

Lost 

— 

6 

.6973 

.8943 

1.5916 

1.5974 

100.36 


SUMMARY AND RECOMMENDATIONS 

In a collaborative study it was found that the Elmslie-Caldwell and 
Sadusk-Ball methods for the determination of iodine in stabilized iodized 
salt were most frequently employed for routine analyses in the labora¬ 
tories of salt producers. The results of the collaborative study and the 
recovery experiments performed by the Associate Referee show that 
both methods are sufficiently accurate and reproducible for the purpose 
designated. 

On the basis of these findings, the Associate Referee makes the follow¬ 
ing recommendations.* 

(1) That the Elmslie-Caldwell method be considered for adoption as an 
official method for the determination of iodine in stabilized iodized salt. 

(2) That the Sadusk-Ball method be considered for adoption as a ten¬ 
tative method for the determination of iodine in stabilized iodized salt. 
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REPORT ON ADULTERATION OF CONDENSED 
MILK PRODUCTS 

By P. B. Curtis (Purdue University Agricultural Experi¬ 
ment Station, Lafayette, Ind.), Associate Referee 

At the 1937 meeting of this Association a qualitative method for the 
detection of starch in condensed milk products was presented. In 1938 
the method was studied collaboratively, and the results of that work were 
published in This Journal, 22,676. In 1939, the method with slight modi¬ 
fications was studied by 13 collaborators, and the results of that study 
were published in This Journal, 23, 666. As a result of the two years of 
collaborative work and the favorable comments of the collaborators the 
method was adopted as tentative in 1939 and was published in Methods 
of Analysis, A.O.A.C., 1940, 361, 34. In 1941 the tentative method was 
adopted as official (first action). 

Since collaborative study has shown this method to be reliable and to 
have practical value in detecting starch qualitatively in condensed and 
dried milk products and since no criticism of the method has been re¬ 
ceived during the last four years, it is recommended* that the method be 
made official (final action), and that study be discontinued. 


REPORT ON AM MONIACAL UREA AND 
NITROGEN SALTS 

By W. B. Griem (State Department of Agriculture, 

Madison Wis.), Associate Referee 

No new collaborative work was undertaken by the Associate Referee. 
Collaborative work carried out in 1940 (This Journal, 24, 867) led to the 
adoption of a tentative method for the determination of ammoniacal and 
urea nitrogen in feeds. The work at that time was undertaken as an emer¬ 
gency study project because urea had been proved to be a partial substi¬ 
tute for protein in the ration of the ruminant. 

Collaborative work was again carried out in 1941 (Ibid., 25, 874). This 
led to the establishment of the method as official (first action) after sev¬ 
eral minor changes had been incorporated. Agreement in collaborative 
results was excellent both times. No information has been uncovered, 
which in the Associate Referee’s judgment would improve the method, 
and he considers that the work can be discontinued at least for the present. 

RECOMMENDATIONS* 

It is recommended— 


For report of Subcommittee A and action by the Association, See This Journal, 27,45 (1944). 
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(1) That the method, official (first action), for the determination of 
ammoniacal and urea nitrogen (This Journal , 24, 79), as amended 
(Ibid. 25, 93) be made official (final action). 

(2) That no associate referee on this subject be appointed at this 
time. 


REPORT ON YEAST ACTIVITY 

By H. J. Witteveen (Department of Agriculture, Dairy 
& Food, St. Paul, Minn.), Associate Referee 

The study of yeast activity has for its purpose the development of a 
method which may be used to determine the quality of a class of feed- 
stuffs known as yeast cultures. On the basis of such a method suitable 
standards for this class of feeds can be established. While diversity of opin¬ 
ion exists as to the merits of using fermented feeds, it is self-evident that 
as long as there is a sufficient demand for yeast cultures to make produc¬ 
tion of such materials a successful business enterprise, standards of qual¬ 
ity are desirable. Proper standards would be helpful in determining 
whether or not the products will serve the purpose for which they are 
intended. 

At the present time it seems that methods that best measure yeast 
activity are those that involve the production of carbon dioxide gas. 
Methods that measure yeast activity by the amount of carbon dioxide 
produced vary in the nature of the media and the type of apparatus used. 
War conditions place a very definite limitation on the equipment that 
may be procured. In addition simplicity of design and operation is desir¬ 
able in order to make the methods acceptable to the largest number of 
operators. 

The apparatus used in this study consisted of two 500 ml. wide-mouthed 
bottles and a 50 ml. graduated cylinder, all connected by glass tubing. 
The carbon dioxide gas formed from the sample in the one bottle passed 
into the second bottle, which was filled with a saturated solution of com¬ 
mon salt. The displaced salt solution was received in the graduated cyl¬ 
inder. The entire apparatus was placed in a hot air oven at 35°C. A 3- 
gram sample was used and to it was added 5 grams of bacto malt extract, 
75 ml. of water, and 25 ml. of buffer solution of the following composition: 
100 grams of potassium citrate, 20 grams of citric acid, 20 grams of mono¬ 
ammonium phosphate in 1000 ml of water. 

During the test the bottle containing the sample was shaken every 15 
minutes, and readings were taken every 30 minutes for 6 hours. 

After preliminary tests had been made, an outline of the method and a 
sample to be tested were submitted to the collaborators for trial. The 
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collaborators who so generously participated in this work are the follow¬ 
ing: 

Jack Stebner, State Laboratory Department, Bismarck, North Dakota* 

Guy G. Frary, State Chemical Laboratory, Vermillion, South Dakota. 

A. T. Perkins, Department of Chemistry, Kansas State College, Manhattan, 
Kansas. 

L. L. Bough ton, School of Pharmacy, University of Kansas, Lawrence, Kansas. 

M. H. Givens, Northwestern Yeast Co., Chicago, Ill. 

Tests were made each week for a period of 4 months. Results obtained 
were not in close accord, however. Workers reported results which agreed 
more closely with themselves than with each other. One or two collabora¬ 
tors reported negative results. A study of these results seemed to indicate 
that either the method was faulty in some respect or that the sample 
lacked uniformity. Consequently, a new media consisting of 100 ml. 
of one-half saturated solution of calcium sulfate containing 1.5 grams of 
sugar was substituted for the bacto malt and buffer solution previously 
used. A new sample was tested, but the results obtained were less in ac¬ 
cord than before with more negative results. It became more apparent that 
lack of agreement was due to an insufficient amount of media or that the 
yeast culture under test was not uniform, although this sample had been 
ground to pass a 60-mesh sieve. Lack of time prevented further tests, but 
it seems highly probable that future tests in which the necessary changes 
will have been made will result in satisfactory results. 

It is recommended that the study of yeast activity be continued. 

REPORT ON MICROSCOPIC EXAMINATION OF FEEDS 

By A. W. Creswell (Division of Plant Industry, Depart¬ 
ment of Agriculture, Columbus, Ohio), Associate Referee 

The following question was asked at the Feed Control Meeting, here in 
Washington, two years ago: “How many States include microscopic 
examination in their routine analysis of feeds?” At that time the answer 
to this question seemed to present varied opinions, and the discussion 
that followed brought forth this second question: “Is it possible to obtain 
printed material on the procedure as developed by State Control Labora¬ 
tories?” 

Several years previous to this Feed Control Meeting, Ohio had expe¬ 
rienced the difficulty of initiating the microscopic analysis of feeds. The 
main cause for such a difficulty was the lack of a definite source of ma¬ 
terial to begin such a procedure. Finally it was decided to use a combina¬ 
tion of the ideas originating in this laboratory and suggestions of the 
Ohio Experiment Station and Ohio State University. 

Therefore, the questions asked at the Feed Control Meeting in 1941 
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seemed most important and led the Associate Referee to seek the advice 
of the Secretary of the American Feed Control Association, the Referee 
on Feeding Stuffs of this Association, and the President of the American 
Feed Manufacturers Association. The results of correspondence with the 
representatives of these various Associations agreed with the Associate 
Referee that it would be a worth-while venture to seek the help and cooper¬ 
ation of all State Control Officials. 

The first letter to each State was the preliminary step in a series of 
questionnaires asking for definite comments and suggestions, and led to 
the conclusion that 24 States and the Dominion of Canada employ full 
or part time personnel to examine feeds with the microscope, and that 
all States analyzing feeds do desire simple concise printed material on this 
procedure. 

These opinions from control officials implied that intense interest in 
the microscopic examination of feeds extends throughout the States and 
that an exchange of suggestions on equipment and methods might lead to 
some similarity of opinions. 

As has been stated, the questionnaire method was decided upon as the 
most direct and condensed form to produce results, and it was stipulated 
that summaries of each questionnaire would be sent to each State con¬ 
tributing to the survey. The first direct questions submitted to the control 
officials asked when microscopic analysis of feeds was inaugurated, and 
the name of the microanalyst in charge. 

The results included in the first summary produced the following re¬ 
sults: 

Several States initiated this procedure in 1907 and 1910, and it is also 
interesting to note that these States were most enthusiastic concerning 
the procedure and were most helpful during the entire survey. The remain¬ 
ing States inaugurated this examination of feeds in 1913, 1920, 1930, 
1938, and on up to 1942. It is assumed, therefore, that this phase of feed 
analysis is approximately 35 years of age. The other questionnaires 
throughout the year were designed— 

(1) To obtain a cross section or list of ingredients and mixed feeds as analyzed 
in each respective State; 

(2) To find out whether or not a collection of reference samples would be valu¬ 
able to the microanalyst; 

(3) To secure a list of printed material and equipment used; 

(4) To learn what methods were found to be most practical; and finally 

(5) To see how samples are reported by microscopic examination. 

In regard to the first objective on the ingredients and mixed feeds 
analyzed in each State, it is interesting to note the similarity of such 
products throughout the various States. However there are ingredients 
common to certain areas in the country, and they form a basis for future 
exchange of technic and samples. 
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To the second objective on the necessity of a reference collection of 
samples, all States contributing to the survey stated that such a collection 
is most valuable to the microanalyst. One State ventured to say that this 
reference collection seemed more authentic than illustrated pictures. 

To the third objective on books, reference printed material, and equip¬ 
ment found to be most practical, most control officials agreed on outstand¬ 
ing publications that deal with microscopic technic and that are particu¬ 
larly related to foods and feeds, such as Experiment Station Bulletins, 
Information Sheets from the Food and Drug Administration and from 
the U. S. Department of Agriculture, Journal of the Association of 
Official Agricultural Chemists, and American Feed Control Definitions. 

Equipment generally found to serve both beginners and trained micro¬ 
analysts consists of the low-powered microscope and necessary equipment 
such as micro lamp, glass slides, etc.; an ordinary hand lens; a set of 
screens, preferably 20-40-60-mesh; additional equipment such as is com¬ 
monly found in an analytical laboratory. 

The fourth objective, devoted to methods used in the microscopic ex¬ 
amination of feeds, was freely and fully discussed. Each analyst was re¬ 
quested to state in detail the successive steps followed when analyzing a 
sample. The general method is as follows: 

(a) Pour a portion of well-mixed sample on a set of 20-40-60-mesh screens. 

(b) Sift this portion of sample completely. 

(c) Identify ingredients, particularly those retained on the coarse or 20-mesh 
screen and compare such ingredients with those listed on tab or label. 

(d) Many ingredients pass through the 20-mesh, 40-mesh, and 60-mesh screens 
into the pan. Therefore, to identify all ingredients portions retained on the screens 
and pan should be carefully examined. 

(e) The ordinary hand lens is beneficial in examining the coarse material, and 
fine material should be submitted to the low-powered microscope. 

(f) The finely powdered sample necessitates the study of starch and fiber 
structure. 

60% of the States cooperating in survey included this study; 

30% of the States cooperating in survey state the importance of this study; 
and 

10% of the States cooperating in survey make no comment. 

(g) The microanalysis of minerals in mixed feeds bears careful investigation due 
to varied comments, suggestions, and even detailed drawings from Control Labora¬ 
tories. Two methods of detecting mineral content in feeds seem to have preference, 
namely, the flotation method and the spot test. 

The fifth objective on the methods and comments in reporting a sample 
by microscopic analysis produced answers that were as varied as those 
found in the annual reports of the various States. Several States use daily 
printed forms that combine chemical and microscopic findings in reporting 
a sample to the chief chemist. The matter of reporting seems to vary with 
each State. This completes the main objectives of the survey, yet answers 
to each questionnaire produced a series of interesting comments and sug- 
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gestions, which may be called special features, and they added a great 
deal of spice to the entire survey. It is impossible in this limited report to 
discuss the details of these special features, and they will only be classified 
in the order of their importance to microanalysts. The first feature in¬ 
cluded a list of ingredients known as “the hard-to-find” and methods ex¬ 
changed among various States on these problem ingredients were most 
helpful to all. Another feature included a list of ingredients carrying the 
greatest foreign material and the resulting list included in the summary 
gave a definite cross section of the ingredients sold in the various States 
and the foreign material that may be found at various times during the 
year. A third feature dealt with the unground weed seeds found in mixed 
feeds. Several State control analysts report a cooperative study with feed 
manufacturers on this important problem. 

This discussion leads to one of the most direct questions of the survey: 
“What do feed manufacturers and dealers think of the microscopic analy¬ 
sis of feeds?” The majority of States cooperating gave the impression 
that feed manufacturers are glad to supply samples for reference work, and 
for the most part feel that such analysis is most valuable in supplementing 
results from the chemical determination of protein, fat, and fiber. 

In conclusion, the personal observations of the Associate Referee are as 
follows: 

(1) That 24 States and Canada included this procedure in their routine analysis 
of feeds during the year 1942. 

(2) That several States find this procedure extremely valuable after 35 years of 
experience. 

(3) That letters from many States express a desire to initiate the microscopic 
examination of feeds and that printed material should be so designed as to be of 
value to beginners as well as trained microanalysts. 

(4) That microanalysts are enthusiastic in exchanging ideas and methods, which 
is most encouraging in the development of new and practical methods. 
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REPORT ON MAGNESIUM AND MANGANESE 
IN FERTILIZERS* 

By John B. Smith, Associate Referee , and Joseph Rynasiewicz 
(Agricultural Experiment Station, Kingston, R. I.) 

Because of increased demand for work specifically related to public 
needs during the war, less has been accomplished in the study of the 
methods assigned than in previous years. Past work has provided methods 
for acid-soluble magnesium and manganese that will serve, although more 
work is desirable to improve details. 

The more difficult task of devising a practical method for measuring 
the “active” fraction of magnesium is incomplete. The relative usefulness 
of the two procedures most studied was discussed in the previous report 
(This Journal , 25, 326). It was argued that discrimination should be on 
the basis of the agronomic values, rather than on the basis of cost of the 
different ingredients. 

Although the method for water-soluble magnesium includes most of 
that element in some processed carriers, it excludes too much of the avail¬ 
able portion of dolomite. It was suggested that the water-soluble fraction 
plus one-half of the water-insoluble portion might be a simple and ade¬ 
quate measure. In line with this suggestion, E. T. Ilord, North Carolina 
Department of Agriculture (private communication) analyzed 20 samples 
of mixed fertilizers containing from 1.25 to 6.50 per cent of acid-soluble 
magnesium oxide and found the water-soluble portion to be from 0.36 
to 1.77 per cent. Adding one-half the insoluble to the soluble portion, he 
calculated that an average of 65 per cent of the acid-soluble magnesium 
would be classed as active. 

CITRATE-SOLUBLE MAGNESIUM 

Search for a solvent similar to the neutral ammonium citrate solution 
used as a measure of available phosphoric acid has been in progress for 
some time, and for normal samples ground to pass a 20-mesh sieve it has 
been shown that rather satisfactory results may be obtained by substitut¬ 
ing an acid ammonium citrate solution (This Journal , 23, 249), for the 
neutral ammonium citrate solution under the same conditions prescribed 
for the latter solution (Methods of Analysis , A.O.A.C., 1940, 24, 16). A 
1-gram charge is leached with water, and the insoluble residue is extracted 
for 1 hour with a solution containing 6 grams of citric acid in 100 ml., 
adjusted to pH 4 with ammonium hydroxide. However, the solubility of 
dolomite is decreased somewhat by increasing the proportion of super¬ 
phosphate in the mixture, probably without appreciable effect on actual 
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availability; and grinding coarse particles of dolomite increases the appar¬ 
ent activity. 

The effect of superphosphate on the solubility of dolomite has been 
demonstrated in previous reports (This Journal , 24, 268; 25, 326). In¬ 
creasing the calcium from calcium nitrate had more effect than had phos¬ 
phate from ammonium phosphate, but a large increment of less soluble 
calcium sulfate in a fertilizer mixture decreased the solubility of dolomite 
only to a slight extent. 

Hardesty, Ross, and Adams (This Journal , 26, 203) have shown that 
the proportion of ammoniated superphosphate in the sample also affects 

Table 1 . —Effect of varying proportions of fertilizer and dolomite on recovery of Mg 
by the citrate solution , and the relation of calcium and phosphate to decreased solubility 
of dolomite caused by fertilizer ingredients 


FER¬ 

TILIZER 

CHARGE 1 


DOLOMITE A* 0.27 GRAM 

60°C. 65°C. 

M, Mg Mg Mg 

RECOV- RECOV- 

FOUND rouND 

ERED BRED 


MILLKUN DOLOMITE* 65°C. 
0.27 GRAM 0.17 GRAM 
Mr Mr 


Mg 

FOUND 


RECOV¬ 

ERED 


Mr 

FOUND 


ERED 


0.27 gram Dolomite a and ringle salts 


Ca IN 
100 ML. 

CITRATE 

SOLN 4 


Mg 

recovered 
60°C. 65°C. 


pa 

EQUIVA- Mg 
LENT IN RECOV- 
100 ML. ERED 
CITRATE 65*0. 
BOLN* 


gram 

per 

per 

per 

per 

per 

per 

per 

per 

mg. 

per 

per 

mg. 

per 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

None 

— 

— 

2.09 

93 

3.18 

95 

2 00 

95 

— 

— 

— 

— 

— 

0 18 

2.31 

74 

2.50 

80 

2.08 

02 

1 71 

81 

23 

74 

79 

9 

80 

0.36 

2 15 

69 

2.40 

77 

1 98 

59 

1.37 

65 

46 

09 

75 

18 

79 

0.55 

2 09 

67 

2 25 

72 

1.78 

53 

1 31 

62 

69 

66 

70 

27 

77 

0.73 

2 03 

05 

2 03 

05 

1.57 

47 

1 08 

51 

92 

64 

65 

36 

76 


1 6-8-6 fertili«cr from W. H. Ross (NH«)»SO«, ammoniated superphosphate, TvCl, and quart* sand to 
make 1 gram, including the dolomite 

* From W H Ross Composite from three quarries, finer than 200-mesh, 11 68% Mg. 

1 12.41% Mg, 85% through 200-mesh sieve. 

4 No fertilizer. Ca(NOi)* equivalent to M, }4, *4? and all Ca determined m the citrate solution from 
0.73 gram of the 6-8-6 fertilizer and 0 27 gram of Dolomite A. 

• No fertilizer. NaiPCL equivalent to %, and all PtO» determined in the citrate solution of the 

full charge of 6-8-6 fertilizer and Dolomite A. 


the solubility of the phosphate in the official neutral ammonium citrate 
solution, and that dolomite is an additional factor, decreasing the soluble 
phosphate in acid fertilizer mixtures containing calcium sulfate. 

Further evidence is presented in Table 1. Varying weights of a simple 
6-8-6 fertilizer were mixed with two different quantities of a finely ground 
millrun dolomite, and similar mixtures with a composite sample of 200- 
mesh dolomite taken from three representative quarries, designated 
Dolomite A. The citrate extraction was made at 60°C. as well as at the 
prescribed temperature, 65°C. The conditions arc exaggerated as com¬ 
pared with normal fertilizers with respect to proportions of ingredients 
and the use of 200-mesh dolomite. All results were corrected by sub¬ 
tracting the small quantities of magnesium in the fertilizer and confining 
the calculations to that in the dolomite. The results show that the smallest 
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quantity of fertilizer decreased the recovery of magnesium and that incre¬ 
ments of fertilizer caused further decreases. Lowering the temperature 
of the extraction from 65° to 60°C. also decreased the recovery of mag¬ 
nesium. Reducing the weight of dolomite in the charge increased the pro¬ 
portion of magnesium dissolved. Obviously, results by this method are not 
independent of the proportions of ordinary components in the fertilizer. 
However, if only the effects of the three-fourths and the full portions of 
fertilizer are considered, the differences are less extreme, and they ap¬ 
proximate the limits of practical mixtures. 

As discussed in a previous paragraph the presence of soluble calcium 
from superphosphate has been suspected to be the principal cause of the 
decreased solubility of the dolomite. To demonstrate this, the citrate ex¬ 
tract from the water-insoluble residue of 0.73 gram of the 6-8-6 fertilizer 
and 0.27 gram of Dolomite A was analyzed for calcium and phosphoric 
acid. Calcium nitrate equivalent to £, £, f, and the full amount of calcium 
found was added to a series of 100 ml. portions of the citrate solution, and 
a similar series was prepared containing trisodium phosphate, also based 
on the analyses of the extract. Dolomite A was added to each solution in 
0.27 gram portions and extracted for 1 hour at 60° and 65°C. with the 
calcium nitrate, and at 65°C. with the sodium phosphate. The calcium 
was increased somewhat by the portion dissolved from the limestone, but 
the phosphate concentration must have remained about the same as that 
shown by the fertilizer residues in the previous extractions. This does not 
eliminate the effects of the nitrate or sodium ions, but the results (Table 
1) point quite definitely to calcium as the major factor. 

Although it is unlikely that coarsely ground dolomite will be used in 
fertilizers except for the small quantities normally present after the usual 
commercial grinding, any subsequent grinding of the particles in prepara¬ 
tion of analytical samples will increase the solubility, and the trend is to¬ 
ward finer grinding to provide more uniform samples. In this laboratory, 
one of eight inspection samples with guarantees for magnesium had 0.75 
per cent of that element in the portion coarser than 1 mm., calculated on 
the basis of the entire mixture, but none of the remainder had more than 
0.1 per cent. This small number of samples is inadequate to represent the 
occurrence of coarsely ground dolomite, but the possibility of its use 
cannot be disregarded. 

In an attempt to overcome the difficulty, fertilizers were mixed to con¬ 
tain known weights of dolomite coarser than 1 mm. as well as finer par¬ 
ticles; 10 gram samples of the unground mixtures were boiled with 250 
ml. of water to dissolve the water-soluble fraction and disintegrate aggre¬ 
gate particles, and filtered. The residues were dried and passed through a 
1 ml. sieve; one-tenth of the fine material, taken by weight, was extracted 
with the citrate solution as usual. Magnesium was determined both in the 
water extract and in the citrate extract. The sums of the percentages were 
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in substantial agreement with anticipated results, but the principal dif¬ 
ficulty is the extra time required for the procedure. 

As a detail of the method it was found that magnesium could be deter¬ 
mined in the citrate solutions by first precipiating both calcium and mag¬ 
nesium by the addition of an excess of ammonium phosphate followed by 
ammonium hydroxide to the end point of bromothymol blue. After filtra¬ 
tion, magnesium was determined in the precipitate by the usual method 
for acid-soluble magnesium. It was necessary to run a blank on the citrate 
solution for it contained soluble magnesium. 

WATER-SOLUBLE MAGNESIUM 

This method was developed by E. R. Tobey at the Maine Agricultural 
Experiment Station, primarily to distinguish between water-soluble Kie- 


Table 2. —Commercial products used in study of water-soluble Mg 


SAMPLE 

Mg 

COARSER 

THAN 

40 MESH 

40-60 

MESH 

MECHANICAL ANALYSIS 

60-80 80-100 100-200 

MESH MESH MESH 

200-300 

MESH 

FINER 

THAN 

300 MESH 


per 

per 

per 

per 

per 

per 

per 

per 

Sulfate of potash mag- 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

cent 

nesia 

11.45 

— 

— 

— 

— 

— 

— 

— 

Magnesium oxide 

55.09 

— 

— 

0.7 

1.9 

3.6 

6.9 

86.9 

Calcined magnesite 
Selectively calcined dolo¬ 

45.91 

— 

— 

— 

2.2 

20.4 

23.1 

54.3 

mite 

17.03 

19.0 

18.2 

8.7 

8.0 

17.5 

11.2 

17.4 

Dolomite 1 

11.39 

1.0 

3.7 

8.0 

9.5 

32.6 

14.5 

30.7 

Dolomite 2 

11.58 

17.3 

33.8 

12.6 

10.4 

16.8 

4.9 

4.2 


serite and insoluble dolomite, the carriers in vogue when the method was 
first suggested. The procedure consists of boiling a 1-gram sample with 
350 ml. of water for one hour, and the determination of magnesium in an 
aliquot. After collaborative study (This Journal , 21, 277; 24, 268), the 
method was revised, published in This Journal , 25, 326, and adopted as a 
tentative method. In practice it has recovered most of the magnesium 
from water-soluble sources and substantial portions of the magnesium 
added as oxides and as dolomite, because of the solubility of the products 
developed by the reactions of those compounds in the curing pile and 
during the extraction procedure. 

The further studies of the method described in this report were designed 
to minimize the effects of curing and to limit the effects, so far as possible, 
to reactions during the extraction. To demonstrate the solubility of the 
reaction products mentioned most frequently, mono-, di-, and trimag¬ 
nesium phosphates and magnesium ammonium phosphate were chosen. 
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These were taken from reagent-grade chemicals analyzed for magnesium. 
Commercial products representing the types of carriers in current use 
were secured from manufacturers, and they are listed in Table 2 with the 
percentages of magnesium and the mechanical analyses. All are domestic 
products familiar to those in the fertilizer trade. The magnesium oxide 

Table 3. —Effect of varying proportions of superphosphate and sulfate of ammonia 
in the fertilizer on recovery of magnesium from various carriers by boiling 1 gram 
samples with 850 ml . of water for 1 hour. All samples contained 1.81% Mg, divided 
equally between the carriers where two were used 


SAMPLE 

3.5-4-4 

FERTILIZERS* 

3.5-8-4 3.5-12-4 3.5-6-S 8.5-6-5 

RICOVERT OP MAGNESIUM 

9.S-0-5 


per 

per 

per 

per 

per 

per 


cent 

cent 

cent 

cent 

cent 

cent 

Monomagnesium phosphate 

91 

100 

102 

91 

90 

93 

Dimagnesium phosphate 

97 

91 

107 

88 

99 

94 

Trimagnesium phosphate 

81 

84 

80 

74 

74 

72 

Magnesium ammonium phosphate 

99 

109 

104 

97 

98 

98 

Sulfate of potash magnesia 

90 

105 

93 

98 

105 

97 

Magnesium oxide 

77 

84 

86 

84 

95 

89 

Calcined magnesite 

60 

63 

64 

60 

65 

95 

Selectively calcined dolomite 

33 

40 

50 

46 

46 

49 

Dolomite 1 

11 

14 

17 

10 

14 

16 

Dolomite 2 

7 

11 

15 

7 

7 

7 

Sulfate of potash magnesia 
with magnesium oxide 

77 

83 

88 

84 

95 

90 

with calcined magnesite 

88 

81 

97 

75 

84 

79 

with selectively calcined dolomite 

76 

77 

88 

63 

75 

72 

with Dolomite 1 

55 

58 

61 

52 

60 

55 

Dolomite 1 

with magnesium oxide 

36 

43 

45 

44 

49 

52 

with calcined magnesite 

44 

47 

54 

36 

39 

41 

with selectively calcined dolomite 

26 

33 

41 

22 

27 

34 


• Composed of sulfate of ammonia, a composite sample of 8 superphosphates, 20.67% PiO*; muriate of 
potash, 60.50% K a O; cocoa shell meal, the magnesium carrier, and quarts sand to make required weight. 


is a finely divided product of rather high purity obtained from sea 
water. The calcined magnesite, which contains about 9 per cent of cal¬ 
cium, is made by heating the natural mineral. It is not so finely divided 
as the magnesium oxide, but it passes a 100-mesh sieve and over one-half 
is finer than 300-mesh. Selectively calcined dolomite is made by heating 
dolomite at a temperature to decompose the magnesium carbonate with 
minimum decomposition of the calcium carbonate. The product chosen 
to represent this type of carrier is less finely divided than the oxides, and 
contains 27.8 per cent of calcium. Of the two millrun dolomites, Dolomite 
1 is more finely ground that Dolomite 2, but neither is extreme with re¬ 
spect to particle size. 
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Each magnesium carrier was mixed with six simple fertilizer mixtures 
varying in the proportions of superphosphate and of sulfate of ammonia. 
Other mixtures contained pairs of carriers in which each supplied one- 
half the magnesium. All mixtures contained 1.21 per cent of magnesium. 
These are listed in Table 3. The difference in potash between the super¬ 
phosphate and the sulfate of ammonia series was an error that destroys 
a strict comparison of the two series, but previous work with the method 
has shown no effect of muriate of potash on water-soluble magnesium. 
Before the carriers of magnesium were added, the fertilizers were ground 
to pass a 1-mm. sieve. As the sample of magnesium oxide had become ag¬ 
gregated in small lumps during storage, it was necessary to rub it gently 
with the fertilizers in a porcelain mortar to make a uniform mixture. 
Grinding was avoided, but to assure fair comparison the other mixtures 
were treated similarly. Analyses of the mixtures with and without this 
treatment showed increased solubility of the magnesium oxide, but this 
was not the case with any other carrier. The mixtures were stored at room 
temperature while the analyses were in progress, but repetition at inter¬ 
vals showed no significant changes during approximately 18 months, and 
new mixtures made from the same ingredients toward the end of the period 
produced results similar to those from the stored samples. Small quantities 
of magnesium in the fertilizers without the carriers were subtracted before 
the recovery of added magnesium was calculated. 

The recoveries are reported in Table 3 as percentages of the magnesium 
added. This method helps to clarify relationships, but it exaggerates the 
effect of analytical errors. Differences of less than 10 per cent are probably 
insignificant. 

The results show almost complete solubility of the magnesium in the 
probable reaction products except for trimagnesium phosphate, from 
which 72-84 per cent was recovered. Varying proportions of superphos¬ 
phate and sulfate of ammonia in the fertilizers had little effect on the 
solubility of this group of compounds. Apparently as much as 1.2 per cent 
of magnesium from water-insoluble compounds can be recovered from a 
fertilizer if it is converted to the phosphates, unless trimagnesium phos¬ 
phate becomes a major component. It is quite possible that the trimag¬ 
nesium phosphate in reaction mixtures may form in smaller and more 
soluble crystals than those used in this study, for there is no evidence that 
the solutions analyzed were saturated. 

Among the commercial products, the sulfate of potash-magnesia was 
almost completely dissolved. The magnesium oxide returned from 77 to 
95 per cent of the magnesium supplied; calcined magnesite gave recoveries 
of 60-65 per cent, except that 95 per cent was soluble in the 9.5-6-5 mix¬ 
ture; and from the selectively calcined dolomite from 33 to 49 per cent of 
the magnesium was recovered. In the three carriers the magnesium is 
present as the oxide, and the reactivity appears to be correlated chiefly 
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with particle size. The effects of increasing the phosphate and sulfate of 
ammonia are not entirely consistent, but the trend is toward increased 
recoveries. The greatest difference is a recovery of 95 per cent from cal¬ 
cined magnesite with 9.5-6-5 fertilizer as compared with 60-65 per cent 
from the other mixtures. These results were obtained from replicate mix¬ 
tures, but they differ so greatly from the others that further verification 
is needed before acceptance. 

As in previous trials, small quantities of magnesium were obtained from 
dolomite. More was dissolved from the more finely ground product, and 
there was a trend toward increased decomposition caused by increasing 
the sulfate of ammonia or the superphosphate. If it is assumed that the 
dolomite in the selectively calcined product was originally somewhat simi¬ 
lar to Dolomite 1, there was an increase in reactivity from calcination for 
it supplied more water-soluble magnesium than did the untreated dolo¬ 
mite, although the latter had a much greater proportion of particles finer 
than 100-mesh. Fineness of the dolomite is not a major factor in this 
method. 

Aside from analytical errors, recoveries from mixtures of two ingredients 
were not greatly different from the averages for those ingredients used 
alone. 

As a laboratory procedure the method is simple, the results are fairly 
consistent, and the effects of varying the phosphate and sulfate of am¬ 
monia in the fertilizer are not very great. However, as has been stated in 
previous reports, the results are difficult to interpret from the agronomic 
point of view. The processed materials are usually considered to be quite 
available in acid soil, although more proof may be desirable for some con¬ 
ditions. Dolomites of the types represented in this study are expected to 
be at least 50 per cent available under average conditions. If these beliefs 
are correct, the method gives too low results except for water-soluble 
carriers and the very finely divided magnesium oxide. Larger recoveries 
might be expected from these ingredients added before the usual commer¬ 
cial curing processes, but not from the so-called dry mixes. The Associate 
Referee has suggested that one-half the water-insoluble magnesium be 
added to the water-soluble portion to provide a fairer value for “active” 
magnesium. This suggestion, based on the supposition that the insoluble 
magnesium would be chiefly in dolomite, would not hold so well for prod¬ 
ucts in the insoluble fraction, such as the oxides that are believed to be 
more than 50 per cent available during a single growing season. However, 
such a calculation would be a better approximation of availability than 
the elimination of all water-insoluble magnesium. 

As details of the method, the effects of time of extraction and volume 
of water were studied. Since the oxides must be converted to the phos¬ 
phates or other compounds to become soluble, it seemed logical that con¬ 
centration of soluble phosphates or the volume of solvent might be impor- 
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Table 4. —Effect of volume and time on solubility of commercial carriers of 
MgO in boiling water (expressed as % of Mg recovered 
from 1-gram charge)* 


Extraction time (minutes) 

6 

10 

30 

30 

30 

30 

60 

60 

60 

60 

Volume of water (ml.) 

10 

10 

50 

100 

200 

350 

50 

100 

200 

350 

Carriers 




Mg Recovered (%) 




Magnesium oxide 

85 

— 

81 

84 

76 

89 

85 

87 

85 

89 

Calcined magnesite 

— 

40 

47 

47 

46 

— 

62 

51 

51 

52 

Selectively calcined dolomite 

— 

33 

35 

36 

36 

— 

41 

37 

38 

35 


* All carriers mixed with the 3.6-8-4 fertiliser described in Table 3, at rates to supply 1.21% Mg. 


tant factors. However, the data in Table 4 indicate very little difference 
for volumes of water varying from 10 to 350 ml., or for time periods of 
from 10 to 60 minutes. 

ACID-SOLUBLE MAGNESIUM 

Although little new work has been done with this topic, data from previ¬ 
ous collaborative analyses justify certain recommendations in preparation 
for the 1945 publication of methods. 

The Referee on Fertilizer has suggested elimination of methods where 
possible to save space. Method I for acid-soluble magnesium (Methods of 
Analysis, A.O.A.C ., 1940, 35, 52), includes precautions omitted from sub¬ 
sequent methods, and separates magnesium from calcium as the sulfates 
in an alcohol solution. It has served as a reference method in the develop¬ 
ment of shorter procedures that have given satisfactory results, and ap¬ 
parently is seldom used since the adoption of those methods. As an official 
method, approval for deletion must be voted at two meetings, and this is 
recommended in this report for first action. Portions of the second para¬ 
graph and the final paragraph of the method must be added to Method 
II as these include the correction for manganese and other directions ap¬ 
plicable to both procedures. These are noted among the recommendations 
at the end of this report. 

Method III (Ibid., 36, 54) is a volumetric modification that has had 
three successful collaborative trials and was adopted as official (first ac¬ 
tion) in 1940. Although collaborative results in 1941 justified recom¬ 
mendation of final action, this step was not taken because of suggestions 
for improvement in the choice of an indicator. Comparisons of indicators 
have been made in this laboratory and suggestions for a better selection 
are made in the subsequent paragraph, but the change cannot be recom¬ 
mended until it has received collaborative study. Therefore, although the 
change is contemplated, the method is recommended for final action next 
year. 
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Methyl orange, the historic indicator for the procedure, has given very 
satisfactory results, but the color change is less distinct than is desired. 
Collaborators have recommended methyl red, and a mixture of methyl 
orange and xylene cyanole. The latter was incorrectly stated to be methyl 
red and xylene cyanole in the previous report. Marsden 1 has suggested a 
mixture of bromocresol green with neutral red for the same purpose. 

The reaction involved is represented by the equation: 

MgNH^POi+HjSOi—►MgSOi+NHiHiPO*. 

The pH of the theoretical end point was determined in three ways. A 
clear solution of equimolecular mixtures of the reactants at concentrations 


Table 5. —Comparison of indicators for volumetric method for acid-soluble Mg 


INDICATOR 

MO. IN riRTILIZBR* 

NO. 1 NO. 3 NO. 4 

TITRATION* FROM 

INDICATOR RND 

POINT TO pH 4.40 

OODOR AT 

pH 4.40 

Methyl orange 1 

per 

cent 

1.80 

per 

cent 

2.27 

per 

cent 

2.28 

ml. 0.1 N 

Acid 0.06 

yellow 

Methyl orange, xylene 
cyanole* 

1.82 

2.24 

2.26 

Acid 0.13 

green 

Neutral red, bromocresol 
green* 

1.72 

2.24 

2.24 

Acid 0.05 

blue 

Methyl red 4 

1.63 

2.12 

2.12 

Base 0.36 

orange 


1 0.1 gram methyl orange, 100 ml. water. Red to yellow. 

*0.2 gram methyl orange, 0.28 gram xylene eyanole, 100 ml. 50% alcohol. Purple to gray to green. 

* 0.02 gram neutral red, 0.2 gram bromocresol green, 100 ml. 50% alcohol. Orange to colorless to blue. 

« 0.2 gram methyl red, 100 ml. 60% alcohol. Red to yellow. 

* Collaborative samples, and averages of collaborative results with methyl orange discussed in Thu 
Journal, 25, 326. Mg calculated from ingredients: 1.74, 2.24, 2.28%. 

* 0.1 gram MgNHiPO* * 6H1O with asbestos similar to that from pad in Gooch crucible. 

representing an aliquot from a fertilizer containing 3 per cent magnesium 
has a pH of 4.38 by a glass electrode. Similarly, a solution of equivalent 
weights of the reaction products had the pH value, 4.34. Magnesium am¬ 
monium phosphate dissolved in a calculated small excess of standardized 
sulfuric acid and titrated with sodium hydroxide equivalent to the excess 
acid, had a pH of 4.43. The chemicals used were reagent grade, without 
further purification other than drying at 100°C., but the results agree suf¬ 
ficiently well for the purpose. 

Three fertilizers analyzed by the collaborators in 1941 were reanalyzed 
in this laboratory, the indicators suggested being used. Also, aliquots of a 
solution of reagent-grade magnesium ammonium phosphate dissolved in 
sulfuric acid were titrated with sodium hydroxide to the most obvious end 
points of the indicators. The solutions were then further titrated with 
0.1 N acid or base to pH 4.40, a glass electrode being used. The results, 
listed in Table 5, are best with methyl orange or the neutral red-bromo- 


> J. Soc. Cturn. Ini., <0. 20 (1941). 
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cresol green mixture. Methyl orange with xylene cyanole appears to be 
satisfactory and has a sharper end point than does methyl orange alone. 
Methyl red was the least satisfactory. Neutral red-bromocresol green 
gave the sharpest and most discernible change, and it is the indicator pre¬ 
ferred by the junior author. 


MANGANESE 

No work on manganese was done during the year, but certain recom¬ 
mendations based on previous work are desirable before the publication of 
the 1945 revision of Methods of Analysis, A.O.A.C. 

The volumetric periodate method, now official (first action) has proved 
less popular with collaborators than the equally accurate bismuthate 
method. Two volumetric methods are unnecessary, and deletion of the 
periodate method is recommended. The bismuthate volumetric method, 
also official (first action) has been studied collaboratively twice (This 
Journal , 24, 268; 25, 326) and should receive final action. 

The colorimetric periodate method now official (first action) has been 
studied collaboratively at four separate times, with satisfactory results. 
There are questions as to its application to samples with more than 5 per 
cent manganese to which it is now restricted, but the present limit is con¬ 
servative. This method, also, should receive final action. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the official method for acid-soluble magnesium (Methods of 
Analysis, A.O.A.C., 1940, 35, 52) be deleted with the exception of the por¬ 
tion beginning in the second paragraph with the words “Transfer the 
precipitate” and continuing through the third paragraph. That the sen¬ 
tence in the third paragraph, stating “If alcoholic filtrate is clear, the 
Cas(P0 4 )2 will not exceed 0.3 mg. and may be neglected,” be deleted. 
That the entire portion retained be transferred to Method II, 54, to re¬ 
place the directions in that method, beginning with “Transfer the precip¬ 
itate to a small filter” (first action). 

(2) That Method III, Volumetric Modification of the Method for 
Acid-soluble Magnesium (Methods of Analysis, A.O.A.C., 1940, 36, 54), 
adopted as official (first action), (This Journal , 24, 47) and studied col¬ 
laboratively on three occasions, be adopted as official (final action). 

(3) That methods for acid-soluble magnesium and magnesium activity 
be further studied. 

(4) That the volumetric periodate method (Methods of Analysis , 
A.O.A.C., 1940, 37, 56, 57) be deleted. 

(5) That the bismuthate volumetric method (This Journal , 24, 268), 
adopted as official (first action), (This Journal, 25, 49), and studied col- 


For report of Subcommittee A and action by the Association, see This Journal , 27,45 (1944). 
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laboratively on two occasions, be labeled “For manganese salts and ferti¬ 
lizers,” and be adopted as official (final action). 

(6) That the colorimetric method for the determination of manganese 
{Methods of Analysis , A.O.A.C., 1940, 37, 58), adopted as official (first 
action), {This Journal , 24, 47), and corrected editorially {This Journal , 
25, 49, 79) be adopted as official (final action). 

(7) That methods for acid-soluble manganese be further studied. 


REPORT ON ACID- AND BASE-FORMING QUALITY 
OF FERTILIZERS* 

By H. R. Allen, Associate Referee , and Lelah Gault (Kentucky Agri¬ 
cultural Experiment Station, Lexington, Ky.) 

Collaborative work conducted this year was in part a continuation of 
last year’s study {This Journal , 26, 68). The use of 0.5 M sodium carbo¬ 
nate, titration by means of the glass electrode, and determination of 
basicity of coarser-than-20-mesh material in mixed fertilizers were stud¬ 
ied. In addition, the determination of basicity of a mixed fertilizer with a 
high dolomite content was investigated and a comparison was made of 
ashing temperatures of 500° and 600°C. to determine the relative amounts 
of nitrogen in a mixed fertilizer volatilized at these temperatures. 

DIRECTIONS FOR COLLABORATIVE STUDY 

I. Mix each of Samples 1 and 2 thoroughly on glazed paper or oilcloth. Deter¬ 
mine acid- or base-forming quality for Samples 1 and 2 by the tentative procedure 
(Methods of Analysis , A.O.A.C ., 1940, 59, p. 37), using a 1 gram portion. Duplicate 
this procedure for Sample 2, using a 0.5 gram portion. Make another determination 
for Sample 2, using a 1 gram portion and 32 ml. of normal HCI in place of 30 ml. 
Make a corresponding blank titration. In all analyses of Sample 2, after digestion 
in normal HCI and filtering, test residue for undecomposed carbonate as follows: 
Spread filter paper or asbestos pad on watch-glass and add a few drops of (1 -hi) 
HCI to the residue. Note whether effervescence takes place. Omit corrections for 
acidity of nitrogen and of insoluble P 2 C>6. 

II. Dissolve 53 grams of anhydrous Na 2 COa or 143 grams of Na 2 COs • 10H 2 O, 
and 25 grams of sucrose, in water and dilute to 1 liter. Duplicate Procedure I, 
using 10 ml. of this 0.5 M Na 2 C 03 solution and 20 ml. of normal HCI. Use 22 ml. 
of normal HCI in place of 32 ml. New blank titrations are required for the 20 and 
22 ml. of normal HCI. Calculation is unchanged. 

III. Apply the tentative method to Samples 1 and 2, using a 1 gram portion, 
but omit the filtering step before titration. Cool solution and titrate to pH 4.3, using 
a glass electrode apparatus and a continuous stirrer. (The titration may be made in 
the 150 ml. beaker.) Use 30 ml. of normal HCI for Sample 1 and 32 ml. for Sample 2, 
with corresponding blank titrations. A glass electrode apparatus with a lockdown 
key is desirable for satisfactory work. 


* This investigation, made in connection with a project of the Kentucky Agricultural Experiment Station, 
is published by permission of the Direotor. 




1944 ] ALLEN, GAULT: ACID- AND BASE-FORMING QUALITY OF FERTILIZERS 511 


IV. Apply the tentative method to Sample 1 in duplicate, using a 1 gram por¬ 
tion, through evaporation on the sand bath. Make another set of duplicate determi¬ 
nations, using 0.5 M Na 2 C0 3 solution. Ignite one molar and one 0.5 M Na 2 C0 3 
determination in furnace at 250° C. and raise temperature to 500° C., holding this 
temperature for 1 hour. Repeat this procedure with the other molar and 0.5 M 
Na 2 C0 3 determination, but raise the final temperature to 600° C. Loosen ashed 
samples from beakers with a spatula and transfer contents to corresponding 
Kjeldahl flasks with spatula and brush. Determine nitrogen by one of the official 
methods, modified to include nitrate nitrogen. A blank determination should be 
made, 

V. For Samples 3 and 4. Mix each of the unground samples thoroughly on 
glazed paper or oilcloth, breaking up any caked lumps, but do not reduce particle 
size of components. After mixing each sample, spread out sample uniformly and 
weigh accurately three 100-gram portions. To get uniform distribution, take ma¬ 
terial for each 100-gram portion from 12 to 15 places as follows: Use a piece of 
light sheet aluminum or cardboard about 3X3 inches and turn up 2 opposite sides 
to make a flat boat with open ends. Slide boat under sample, chose one end by 
holding a piece of sheet aluminum or cardboard firmly against it and transfer con¬ 
tents to weighing container. After weighing one 100-gram portion, re-mix sample, 
spread out, and repeat the operation for a second and third 100-gram portion. 
Number the samples 3a, 3b, 3c, and 4a, 4b, 4c, respectively. 

Transfer each sample (100 grams) to a 5-inch, 20-mesh sieve and separate by 
dry sieving. Place the portion coarser than 20-mesh in a 400 ml. beaker, add 100 ml. 
of water, and let stand 10 minutes, stirring at least 4 times with a glass rod; transfer 
the sample to the 5-inch, 20-mesh sieve, which is supported by the walls of a 2 liter 
Pyrex beaker; wash with a stream of distilled water from an overhead source to a 
volume of 1500 ml. as determined by a mark on the side of the beaker. Take care to 
direct the water stream uniformly on all parts of the sample. Place the sieve con¬ 
taining the washed, coarser-than-20-mesh portion on a watch-glass and dry in an 
oven at 70°-75° C. for 5 hours. Remove from oven and let stand in contact with 
laboratory atmosphere for at least an hour. Remove all the sample from the sieve, 
with the aid of a spatula and weigh. Prepare sample for analysis by grinding it to 
pass a 0.5 mm.- or 35-mesh sieve and mix well. Analyze by the tentative method, 
using a 1 gram portion. Multiply the results in pounds CaC0 3 per ton by weight 
of the coarser-than-20-mesh portion divided by 100 (the amount of coarser-than- 
20-mesh material to be subtracted from the ash basicity of the whole sample before 
corrections are applied for nitrogen and insoluble P 2 0 6 ). Determine moisture on 
Samples 3a, 3b, 3c, and 4a, 4b, and 4c, drying at 100° C. for 5 hours. 

Report all basicity results in pounds CaC0 3 per ton. 

The following analysts collaborated in this work. 

COLLABORATORS 

(1) W. R. Austin, Armour Fertilizer Works, Nashville, Tenn. 

(2) C. R. Byers, Armour Fertilizer Works, Carteret, N. J. 

(3) R. D. Caldwell, Armour Fertilizer Works, Atlanta, Ga. 

(4) Mary C. Fox, Davison Chemical Corporation, Baltimore, Md. 

(5) T. L. Ogier, Agricultural Experiment Station, College Station, Texas. 

(6) B. L. Samuel, and R. C. Berry, Department of Agriculture, Richmond, Va. 

(7) A. F. Spelman, Agricultural Experimental Station, Amherst, Mass. 

(8) Ruth D. Tosh, American Agricultural Chemical Co., Carteret, N. J. 

(9) H. R. Allen and Lelah Gault. 
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COLLABORATIVE SAMPLES 

Sample 1 was a mixture containing 90 per cent of a mixed fertiliser 
base and 10 per cent of a dolomite; Sample 2 contained 60 per cent of a 
mixed fertilizer base and 40 per cent of dolomite. The amount of dolomite 
in Sample 2 would not usually be found in a mixed fertilizer, but this 
quantity may be present in washed, coarser-than-20-mesh portion if an 
excessive amount of coarser-than-20-mesh dolomite was incorporated in 
the mixed fertilizer. It has been found in this laboratory that in determin¬ 
ing the basicity of such samples and using a 1-gram portion and 30 ml. of 
normal hydrochloric acid there is sufficient excess acid present to react 
with all the carbonate in the sample, but the reaction does not always 
proceed to completion because of the low acid concentration. A back 
titration is obtained with 0.5 N sodium hydroxide which results in a low 
basicity figure. The presence of undecomposed carbonate is shown by 
effervescence when the residue, after filtration, is treated with hydro¬ 
chloric acid. In such cases, or in determination of basicity of a dolomite, 
it is necessary to increase the amount of acid or to reduce the size of the 
sample. Collaborative work on Sample 2 compares these two procedures. 

Separate portions of 400 grams each of unground Samples 3 and 4 
were prepared for each collaborator, to insure against non-uniformity of 
sample. Sample 3 contained 390 grams of a mixed fertilizer base and 10 
grams of dolomite, all of which was between 10 and 20 mesh in particle 
size. Sample 4 contained 380 grams of the same base and 20 grams of the 
same dolomite. The basicity of the washed, coarser-than-20-mesh portion 
of the base used in Samples 3 and 4 analyzed 14 pounds of calcium car¬ 
bonate equivalent and the basicity of the amount of dolomite used was 
51 pounds of calcium carbonate equivalent for Sample 3 and 102 pounds 
for Sample 4. 

Tables 1 and 2 contain collaborators’ results on Samples 1 and 2, and 
Tables 3 and 4 contain collaborators’ results on Samples 3 and 4. 


Table 1 . — Collaborators' results on Sample 1 (ash basicity in pounds CaCOi/ton ) 


COLLABORATOR 

TENTATIVE METHOD 

0.5 M Na»CO» 

GLASS ELECTRODE 

TITRATION 

1 

348* 

341* 

351* 

2 

300 

298 

— 

3 

307 

— 

— 

4 

323 

296 

— 

5 

310 

285 

304 

6 

302 

295 

302 

7 

310 

311 

— 

8 

351* 

325* 

— 

9 

320 

305 

312 

Average 

310 

298 

306 


Omitted from average. 
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Table 2.— Collaborators* results on Sample 2 (ash basicity in pounds CaCOi/ton) 


COLLABORATE 


M Na*COi 



0.6 M N&tCOi 


1 GRAM AND 1 GRAM AND 

30 ML. N HC1 32 ML. N HC1 

0.6 GRAM AND 

30 ML. N HC1 

1 ORAM AND 1 GRAM AND 

20 ml. N HC1 22 ml N HCI 

0.6 GRAM AND 

20 ML. N HCI 

1 

761 

761 

790 

_ 


768 

_ 

2 

698 

743 

760 

715 


725 

740 

3 

— 

750 

— 

— 


750 

— 

4 

662 

763 

763 

631 


649 

777 

5 

728 

721 

739 

659 


686 

675 

6 

730 

737 

775 

725 


758 

785 

7 

705 

720 

705 

— 


713 

713 

8 

703 

757 

793 

704 


730 

792 

9 

723 

758 

775 

685 


750 

780 

Average 

714 

746 

762 

687 


726 

752 

Table 3.- 

— Collaborators* results on ash basicity of material coarser than 20-mesh 



(pounds CaCOi/ton) 






SAMP LB 3 



SAMPLE 4 



















AVERAGE* 

MAXIMUM 

AVERAGE* 


MAXIMUM 




variation! 




variation! 

1 


65 

4 


101 


4 

2 


54 

8 


105 


6 

3 


52 

1 


90 


16 

4 


60 

8 


106 


14 

5 


62 

10 


109 


1 

6 


67 

3 


108 


10 

7 


64 

14 


106 


0 

8 


55 

7 


98 


9 

9 


64 

1 


110 


7 

* Average of 3 determinations. 

t In 3 determinations. 




Table 4. 

—Collaborators 

results in grams on weights of washed t 



coarser-than-20-mesh portions 





SAMPLK 3 



SAMPLE 4 











AVERAGE* 

MAXIMUM 

AVERAGE* 


MAXIMUM 




variation! 




variation! 

1 


14.15 

0.61 


16.80 


0.83 

2 


12.72 

0.50 


16.75 


1.15 

3 


13.38 

0.33 


14.89 


3.10 

4 


13.69 

1.96 


17.53 


1.76 

5 


14.24 

4.15 


17.30 


0.56 

6 


14.14 

0.68 


19.12 


4.19 

7 


13.87 

3.03 


16.14 


1.06 

8 


12.02 

1.85 


14.02 


2.10 

9 


15.07 

2.91 


16.54 


2.39 


• Average of 3 determinations. t In 3 weights. 
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DISCUSSION OF RESULTS 

Sample 1 .—Seven of the collaborators obtained very uniform results 
by the tentative method on Sample 1, and those analysts who used the 
glass electrode titration obtained results in good agreement with their 
figures for the tentative method. The use of 0.5 M sodium carbonate gave 
somewhat lower results. 

Six collaborators found nitrogen in Sample 1 ashed at 500° C. with 
molar sodium carbonate varying from .07 to 0.24 per cent, with an aver¬ 
age of 0.16 per cent. The average of the nitrogen found by the same 
collaborators on Sample 1 ashed at 600° C. was .04 per cent. Two col¬ 
laborators reported no nitrogen in Sample 1 ashed at 500° or 600° C. The 
results were similar with use of the 0.5 M sodium carbonate. It is evident 
that 500° is not high enough to volatilize all the nitrogen in the sample. 

Sample 2 .—As expected, the basicity results on Sample 2, using a 
1-gram portion and 30 ml. of normal hydrochloric acid, were low and 
erratic. Most of the collaborators reported effervescence when the residue 
was treated with hydrochloric acid. Much more uniform results were ob¬ 
tained with the 32 ml. of normal hydrochloric acid and with the 0.5 gram 
sample. The use of the 0.5 gram sample for larger amounts of dolomite 
seems preferable to the use of increased amount of acid. The results with 
0.5 M sodium carbonate were much less uniform than with the molar 
sodium carbonate and it seems that study of the former should be dis¬ 
continued. The decreased amount of sucrose in the 0.5 M sodium car¬ 
bonate results in less carbon in the ashed samples. This is a distinct 
advantage and the use of a molar sodium carbonate solution containing 
25 grams of sucrose per liter might be desirable. 

Samples 3 and 4 .—A major factor in determination of basicity of 
material coarser than 20-mesh in mixed fertilizers is the difficulty of ob¬ 
taining uniform portions from the unground samples. To check on this, 
the collaborators were sent 400 gram portions of Samples 3 and 4 and 
asked to weigh three 100-gram portions of each to determine the basicity 
of the coarser-than-20-mesh portion by the proposed method. The 
collaborators obtained duplicate results for 3 determinations on each 
sample that agreed within 10 pounds of calcium carbonate equivalent 
except in 3 of 18 cases for the 2 samples; 6 of the 9 collaborators agreed 
within 7 pounds of calcium carbonate equivalent on Sample 3, and 7 of 
them agreed within 9 pounds on Sample 4. The results are in good agree¬ 
ment with computed values obtained from separate determination of 
basicity of the washed, coarser-than-20-mesh portion of the base and of 
the dolomite used. 

The weights of the washed, coarser-than-20-mesh portions of the same 
sample varied considerably for some collaborators as did the weights 
reported by different collaborators. The superphosphate was the most 
variable component of the samples in particle size and the variation in 
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weights was probably caused by difficulty of sampling this component 
uniformly. 

SUMMARY 

Satisfactory agreement was obtained by collaborators with the tenta¬ 
tive method and with titration by use of the glass electrode. A 0.5 gram 
sample gave more uniform results than the increased amount of acid in 
determination of basicity of a mixed fertilizer containing an excessive 
quantity of dolomite. More uniform results were obtained with molar 
than with 0.5 M sodium carbonate. Most collaborators found an appreci¬ 
able amount of nitrogen in the sample ashed at 500° C. Good agreement 
was obtained by collaborators in determination of basicity of coarser- 
than-20-mesh material in mixed fertilizers. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the following optional method be adopted as tentative. 

Optional Method 

Proceed as in 60, p. 38, Methods of Analysis , A.O.A.C., 1940, through the addi¬ 
tion of 50 ml. of water and 30 ml. of normal HC1 and digestion on hot plate or steam 
bath for 1 hour. Cool to room temperature and without filtering titrate the solution 
in the 150 ml. beaker with 0.5 N NaOII to pH 4.3, using a glass electrode apparatus 
or other standard means of electrometric titration, and a continuous stirrer. Make 
the usual blank titration, using the glass electrode. Calculate results as directed 
in 60. 

(2) That in 60, p. 38, line 11, the figures 500-600° be changed to 
575-600°. 

(3) That the following method for elimination of basicity due to ma¬ 
terial coarser than 20-mesh in mixed fertilizers be adopted as tentative 

Mix the unground sample, breaking up any caked lumps. Spread out sample 
uniformly and weigh a 100-gram portion, taking the material from about 12 
places as follows: Use a piece of light sheet aluminum or cardboard about 3X3 
inches and turn up two opposite ends to make a flat boat with open ends. Slide 
boat under sample, close one end by holding a piece of aluminum or cardboard 
against it, and transfer contents to weighing container. Transfer the sample to a 
5 inch, 20-mesh sieve and separate by dry sieving. Place the portion coarser than 
20-mesh in a 400 ml. beaker, add 100 ml. of water and let stand for 10 minutes, 
stirring 4 times with a glass rod; transfer the sample to the 5 inch, 20-mesh sieve 
which is supported by the walls of a 2 liter Pyrex beaker, and wash with a stream 
of distilled water from an overhead source, preferably with some pressure, to a 
volume of 1500 ml., as determined by a mark on the side of the beaker. Place the 
sieve containing the washed, coarser-than-20-mesh portion on a watch glass and 
dry in an oven at 70—75° for 5 hours. Remove from oven and let stand in contact 
with laboratory atmosphere for at least 1 hour. Remove all the sample from the 
sieve, grind sample to pass a 0.5 mm. or 35-mesh sieve and mix well. Analyze by the 


For report of Subcommittee A and action by the Association, see This Journal, 27. 
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tentative method, 59-00, using a 1-gram portion. After filtering, test residue with 
(1 +1) HC1, and if the presence of undecomposed carbonate is indicated by efferves¬ 
cence, repeat the determination, using a 0.5 gram sample. Multiply the results in 
pounds CaCOi/ton by weight of the coarser-than-20-mesh portion divided by 100. 
(This is the amount of coarser-than-20-mesh material to be subtracted from the 
ash basicity of the whole sample before corrections are applied for acidity due to 
nitrogen and insoluble PiOt.) 

(4) That in line 6 of par. 60, p. 38, after the words “except for unmixed 
nitrate salts,” the words “or except for mixed fertilizers containing con¬ 
siderable nitrate nitrogen” be added (final action). 

(5) That the use of a molar sodium carbonate solution containing 25 
grams of sucrose per liter be studied. 

(6) That the determination of basicity of dolomite be studied, par¬ 
ticularly in relation to the size of the sample. 


REPORT ON CALCIUM AND SULFUR 

By Gordon Hart (Department of Agriculture, Tallahassee, Florida), 

Associate Referee 

No work was done by the Referee in 1942 and 1943. 

It is recommended that the gravimetric method on which collaborative 
work was done in 1939, 1940, and 1941, be made'tentative. This method 
(4) was published in This Journal, 24, 300. 

There is now no tentative gravimetric method. 


REPORT ON PLANTS 

By E. J. Miller (Agricultural Experiment Station, East Lansing, 

Mich.), Referee 

Owing to war conditions the only reports that have been received 
from associate referees are the following: 

(1) Report on Iron in Plants, by E. J. Benne and A. Joyce Snyder. 

(2) Report on Chlorophyl in Plant Tissue, by E. J. Benne, Dorothy 
I. Rose, and C. L. Comar. 

RECOMMENDATIONS* 

Under the present circumstances it is possible to make only the follow¬ 
ing recommendations: 

(1) That the studies on sampling be continued. 

(2) That the studies on iodine and boron be continued. 

(3) That the studies on carbohydrates be continued. 

* For report of Subcommittee A and action by the Aesodation, see This Journal, 27, 49 (1944). 
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(4) That the studies on copper and cobalt be continued and collabora¬ 
tive work be initiated as soon as conditions permit. 

(5) That the work on carotene and chlorophyl be continued. 

(6) That the work on iron be continued. 

(7) That the thiocyanate method for the colorimetric evaluation of 
iron, Methods of Analysis , A.O.A. C., 1940, 126, 7, be dropped. 

(8) That the study of the o-phenanthroline procedure for the colorimet¬ 
ric and the titanous chloride method for the titrametric evaluation of 
iron be continued with the view to adopting them as official methods as 
soon as necessary conditions have been met. 

(9) That further study be given to the ashing of plant material and 
extraction of the ash for the analysis of iron. 

(10) That the calibration of a photoelectric colorimeter by means of a 
plant extract as described in the following report by Benne, Rose, 
and Comar be given further study and applied to different makes of in¬ 
struments. 

(11) That the two methods detailed in the “Report on Chlorophyl in 
Plant Tissue” by Benne, Rose, and Comar be adopted as tentative meth¬ 
ods: (a) Photoelectric colorimetric method for total chlorophyl only; (b) 
spectrophotometric method for total chlorophyl and the a and b com¬ 
ponents. 


REPORT ON CHLOROPHYL IN PLANT TISSUE 5 ® 1 

By Erwin J. Benne, Associate Referee , Dorothy I. Rose, and 
C. L. Comarf (Agricultural Experiment Station, East Lansing, Mich.) 

In the reports on Chlorophyl and Carotene in Plant Tissue for 1940 
and 1941 1 it was recommended that increased study be given to the 
evaluation of chlorophyl. This recommendation has been followed, and 
although work on methods for determining carotene has been continued, 
only that pertaining to chlorophyl will be treated in this report. 

As described in the former reports, the Petering-Wolinan-Hibbard meth¬ 
od 2 for evaluating total chlorophyl with a photoelectric colorimeter de¬ 
pends upon a commercial chlorophyl preparation as the calibration stand¬ 
ard for the instrument. Such preparations are not only difficult to obtain 
at present, but as emphasized by the work of Mackinney, 8 Zscheile and 
Comar, 4 and others, their spectral absorption characteristics are likely 
to have changed radically because of the tendency of chlorophyl to un- 


• Pub lished with permission of the Director of the Experiment Station as Journal Article No. 664 (n s.). 
t Present address: University of Florida, Gainesville. 

» This Journal, 24, 626 (1941); 25, 673 (1942). 

* Jnd. Eng. Chem., Anal. Ed., 12, 148 (1940). 

» J. Biol. Chem., 132, 91 (1940). 

« BoL Oat., 102, 463 (1941). 
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dergo degradation during the isolation and drying processes. As is true 
of any absolute colorimetric method, it is necessary that the spectral 
characteristics of the chlorophyl calibration standard be identical with 
those of the substance being evaluated in the unknown solution if ac¬ 
curate analytical values for this pigment are to be obtained. Hence, the 
lack of a reliable calibration standard would be a serious drawback to this 
otherwise convenient method. 

Table 1 . —Chlorophyl values by speclrophotometric method compared with 
those by photoelectric colorimetric method when different 
calibration standards were used with the latter 


PHOTOELECTRIC COLORIMETER (CALIBRATED WITH! 


LEAP TISSUE ANALYZED 

8PBCTRO- 

PHOTOMSTRIC 

METHOD 

CHLOROPHYL 

IN 

PLANT 

EXTRACT 

CHLOROPHYL 

BY Z.-C. 

METHOD 

COMMERCIAL 

CHLOROPHYL 

SAMPLE 1 

COMMERCIAL 

CHLOROPHYL 

SAMPLE 2 

Alfalfa 

per cent 
chlorophyl a 

72.7 

2.70 

mg. of total chlorophyl /gram of fresh leaf 

2.70 3.30 3.68 

4.76 

American elm 

72.5 

1.49 

1.45 

2.76 

3.11 

4.08 

Blue grass 

67.1 

2.80 

2.78 

3.38 

3.78 

4.88 

Carrot 

73.9 

1.72 

1.64 

1.98 

2.26 

2.95 

Clover 

67.9 

3.34 

3.35 

4.05 

4.48 

5.78 

Corn 

76.4 

1.23 

1.22 

1.50 

1.72 

2.20 

Grape 

69.1 

2.53 

2.44 

2.92 

3.30 

4.26 

Lettuce 

74.0 

.55 

.54 

.67 

.75 

.98 

Pea 

75.1 

1.86 

1.77 

2.17 

2.47 

3.24 

Peony 

72.1 

2.81 

2.60 

3.17 

3.57 

4.59 

Popple 

71.2 

2.32 

2.20 

2.65 

2.98 

3.87 

Potato 

75.3 

1.57 

1.53 

1.85 

2.11 

2.74 

Rhubarb 

73.1 

1.26 

1.22 

1.50 

1.73 

2.19 

Wheat 

71.5 

1.38 

1.41 

1.74 

1.98 

2.55 


Recently Comar, Benne, and Buteyn 6 have shown that wide variations 
existed between values for total chlorophyl obtained by the spectropho- 
tometric method of Comar and Zscheile, 6 and Comar, 7 and those obtained 
with the photoelectric colorimeter when different chlorophyl preparations 
were used as calibration standards for the latter instrument. These authors 
described a means of calibrating a photoelectric colorimeter for chloro¬ 
phyl by use of a simple plant extract, a procedure that eliminates the 
necessity of isolating the chlorophyl and thereby avoids the possibility of 
pigment degradation. 

This work appeared to be of sufficient significance to warrant further 
investigation; hence, it was continued and extended as reported here. 


• Ind. Eng. Chem., Anal. Ed., 15, 524 (1043). 

• Plant Physiol., 17, 198 (1942). 

7 Ind. Eng. Chem., Anal. Ed., 14,877 (1942). 
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In Table 1 the additional analytical results show a comparison of chloro¬ 
phyl values obtained by the spectrophotometric method and the photo¬ 
electric colorimetric method when different calibration standards were 
used with the latter. 

The spectrophotometer employed in this work was the Cenco-Sheard 
spectrophotclometer described by Comar. 7 The instrumental details of 
the photoelectric colorimetric evaluations were in accordance with the 
Petering-Wolman-Hibbard method. 2 A Cenco-Sheard-Sanford photel- 
ometer was used with a combination of Corning II. R. light filters Nos. 
243 and 396 of standard thickness, as suggested by these authors. Full de¬ 
tails of this method as used with be given later in the report. It will be 
noted that four different standards were used for calibrating this instru¬ 
ment: viz., three different chlorophyl preparations and chlorophyl that 
was not removed from solution after being extracted from the plant 
tissue. 

The standard designated as commercial chlorophyl, Sample 1, was a 
research grade of chlorophyl purchased from a domestic company. Ac¬ 
cording to information furnished with the material it was prepared in 
June 1942, and was stored in a cool place until sold. During the interim 
between its receipt and use by the authors (February 1943) it was stored 
in the dark at approximately 5°C. That designated “commercial chloro¬ 
phyll Sample 2, was a research grade of chlorophyl purchased several 
years ago from the same company. It had been stored for the most part 
under the same conditions as described for Sample 1. The chlorophyl 
termed “chlorophyll by Z.-C. method” was prepared in this laboratory 
by the method of Zscheile and Comar 4 in August 1941. This material had 
been dried at the time of preparation and stored under the conditions de¬ 
scribed for the foregoing standards until used in this work approximately 
15 months later. As shown by Comar et ah 6 the absorption spectra of these 
preparations in diethyl ether and the calibration curves obtained by their 
use with a photoelectric colorimeter varied widely and accounted directly 
for the variable analytical values obtained. 

Calibration of the instrument by means of a plant extract was accom¬ 
plished as follows: A sample of fresh leaf material was extracted with 85 
per cent acetone solution and filtered, the residue was washed free of green 
color, and the solution was made to volume as prescribed by the analytical 
procedure. A series of dilutions was made from this extract, and the per¬ 
centage of light transmitted by the original and by each of the diluted 
solutions was measured with the photelometer in the same manner as 
when a chlorophyl preparation is used as the calibration standard. An 
aliquot of the original acetone solution was transferred to diethyl ether, 
and total chlorophyl was evaluated by the spectrophotometric method of 
Comar and Zscheile, 6 and Comar, 7 details of which follow later in this 
report. From the value thus obtained the chlorophyl content of the ace- 
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tone extract and that of each of the diluted solutions was calculated, and 
the calibration curve relating concentration of chlorophyl and per¬ 
centage of light transmitted, or the logio(100*/T*) values, was constructed 
as usual. 

An example will serve to illustrate this calibration procedure. A 4.00- 
gram sample of fresh grape leaves was extracted with 85 per cent acetone 
solution, and the volume of the filtered extract was brought to 250 ml. 
According to the spectrophotometric analysis of an aliquot of this extract, 
it contained 4.44 mg. of chlorophyl per 100 ml. The dilutions made, the 
chlorophyl contents of the resulting solutions, and the percentage of light 
transmitted by each (photelometer readings) are given in Table 2. 


Table 2.— Calibration of photoelectric colorimeter with chlorophyl in an 
acetone extract of fresh grape leaves 


DILUTION 

ACETONE EXTRACT 85% ACETONE 

CHLOROPHYL 

CONTENT 
xa./lOO ML. 

PHOTELOMETER 

READING 

(% TRANSMISSION) 

100 
w>o» Y 

VALUE 

ml. 

ml. 




1 

9 

.444 

80.5 

.094 

2 

8 

.888 

65.9 

.181 

3 

7 

1.33 

55.1 

.259 

4 

6 

1.78 

47.1 

.327 

5 

5 

2.22 

40.3 

.395 

6 

4 

2.66 

35.1 

.455 

7 

3 

3.11 

30.9 

.510 

8 

2 

3.55 

27.1 

.567 

9 

1 

4.Q0 

24.1 

.618 

10 

0 

4.44 

21.2 

.674 


A calibration curve for chlorophyl obtained as described above by use 
of an acetone extract of leaf tissue from a typical plant should be valid for 
evaluating chlorophyl in acetone extracts of most plant tissues. The authors 
used such extracts of fresh leaf tissue from American elm, popple, and 
grape as calibration standards, in addition to those from Norway maple 
and tomato as previously reported. The calibration curves obtained by 
use of the extracts of these different tissues coincided as closely as it was 
possible to duplicate curves with an extract from any one tissue. This 
indicates that an extract of a typical leaf tissue would serve as a calibra¬ 
tion standard for the analysis of chlorophyl in most plants. In the case of 
a tissue with a highly abnormal ratio between chlorophyls a and b, how¬ 
ever, the instrument should be calibrated with an extract of this or of 
another tissue with a similar chlorophyl a to b ratio. 


Per cent light transmission of solvent and solution, respectively. 
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Although a specific type of photoelectric colorimeter was employed in 
this work, similar results should be obtainable with other makes of instru¬ 
ments of equivalent precision if they are provided with proper light filters. 
Even though a spectrophotometer is unavailable this means of calibrating 
a photoelectric colorimeter for chlorophyl can still be used, provided ar¬ 
rangements can be made with another laboratory to make the measure¬ 
ments at 6600 and 6425A. required to evaluate chlorophyl concentration 
in diethyl ether solution. The person desiring this information should pre¬ 
pare the ether solutions of appropriate concentrations for measurements 
at 6600 and 6425A. and ship them by air express in tightly stoppered 
containers packed in dry ice to the laboratory making the spectrophoto- 
metric measurements. Zscheile, Comar, and Mackinney 8 exchanged sam¬ 
ples satisfactorily in this way between Indiana and California, and it was 
found that such ether solutions can be stored for at least 3 months without 
change in chlorophyl values. 6 The original acetone extract should be di¬ 
luted and the colorimetric readings made as soon as practicable after 
completion of the extraction in order to avoid possible loss of chlorophyl 
by decomposition. The chlorophyl concentrations can then be calculated 
and the calibration curve constructed after the spectrophotometric data 
are received. 

It will be noted from Table 1 that the spectrophotometric and colori¬ 
metric values agreed closely when the plant extract was used as the cali¬ 
bration standard, but that they varied widely when the different chloro¬ 
phyl preparations were used as standards. With the latter standards all 
the colorimetric values w r ere higher than the spectrophotometric values, 
and they varied in accordance with the differences in the spectral charac¬ 
teristics of the standards. This increase amounted to approximately 20 
per cent in all analyses with the Zscheile-Comar chlorophyl, 35 per cent 
with Sample 1, and more than 60 per cent with Sample 2 of the commercial 
chlorophyl. This is precisely what would be expected from consideration 
of the absorption spectra of the standard preparations, and it cor¬ 
roborates the earlier findings in all respects. Hence, the authors believe 
that calibration of a photoelectric colorimeter with a plant extract as 
described above, combined with careful analytical technic, will enable 
investigators to obtain analytical values for total chlorophyl by the color- 
metric method in good agreement with those obtained by the spectro¬ 
photometric method, and that it will increase the reliability of inter- 
laboratory comparisons. The analyses reported in this paper were made 
by Benne and Rose, whereas those reported in the previous paper 5 were 
made by Comar and Buteyn. The close agreement in the results obtained 
indicates that the methods used are satisfactory in the hands of different 


• Plant Physiol., 17, 666 (1942): 



522 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol XXVII, No. 4 

workers. Total chlorophyl can be evaluated somewhat more rapidly by 
the colorimetric method, but if the amounts of chlorophyls a and b are 
desired the spectrophotometric method must be used. 

It is the opinion of the Associate Referee that the methods given in 
detail below are the best available for analyzing plant tissue for total 
chlorophyl and for total chlorophyl and the percentages of the a and b 
components, respectively. He therefore recommends: 41 (1) That they be 
adopted by the Association as tentative methods for this purpose; and (2) 
that the calibration of a photoelectric colorimeter by means of a plant 
extract as described above be given additional study and applied to dif¬ 
ferent makes of instruments. 


CHLOROPHYL 

Photoelectric Colorimetric Method for Total Chlorophyl Only 1 * 

1 APPARATUS 

(a) Filter paper. —A good grade of quantitative paper to fit the Buchner funnels 
if used. 

(b) Flasks. —Suction flasks of 500 ml. capacity and volumetric flasks of 100-500 
ml. capacity. 

(c) Funnels. —Small Buchner funnels or sintered glass funnels of medium poros¬ 
ity. 

(d) Hand shears . 

(e) Mortar and pestle. —A deep glass mortar approximately 4" in diameter, with 
a well-defined lip, is recommended. 

(f) Photoelectric colorimeter. —Calibrated for chlorophyl by means of a plant 
extract with light filters that give maximum light transmission near 6600 A. 

(g) Rubber policemen. 

(h) Wash bottles. —The type fitted with a rubber bulb, which permits operation 
with one hand, is recommended. 

(i) Waring blendor or similar machine. —Vessels similar to No. 3 shown in This 
Journal , 25, 583, possess advantages over the original blendor container. 

(j) Wiley mill or similar machine. —For grinding dried material. 

2 REAGENTS 

(a) Acetone . — Commercial undiluted acetone of technical grade and 85% 
aqueouB solution are satisfactory. 

(b) Calcium or sodium carbonate. — C.P. grade. 

(c) Quartz sand. — Acid-washed and dried. 

3 DETERMINATION 

Select field material carefully to insure a representative sample. Remove a 
representative portion from the field sample, and if fresh material cut finely with 
hand shears and mix as thoroughly as possible. Grind dried material in a mill and 
mix thoroughly. Weigh 1-5 grams into the mortar and add a small quantity (approx. 
0.1 gram) of Ca or Na^CO*. Macerate the tissue with the pestle, add the quartz sand, 
and grind for a short time; then add the 85% acetone solution, a little at a time, and 
continue grinding until the tissue is finely ground. Transfer the mixture to the fun- 


* For report of Subcommittee A and action by the Association, see This Journal, 27, 40 (1044). 
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nel, draw off the solution with suction, and wash the residue with the 85% acetone 
solution. Return the residue to the mortar with more acetone solution and grind 
again. Filter, and wash as before. Repeat this procedure until the tissue is devoid 
of green color and the washings are colorless. (It is advisable to grind the residue at 
least once with undiluted acetone and then to add sufficient water at the end to 
bring it to 85% solution. A Waring blendor or similar machine may be used for 
macerating and extracting the tissue instead of the mortar (see 6), but each investi¬ 
gator should satisfy himself that complete extraction of the tissue is accomplished 
by the device used.) When extraction is complete, transfer the filtered extract to a 
volumetric flask of appropriate size and make to volume. 

Measure the percentage of light transmitted by the solution with a photoelectric 
colorimeter that has been calibrated for chlorophyl by use of a plant extract as de¬ 
scribed earlier in this report. Read the amount of chlorophyl present from the curve 
relating light transmission and concentration. Express chlorophyl values as mg./ 
gram of tissue, or in any other convenient manner. 

Spectrophotometric Method for Total Chlorophyl and the a and b Components 

4 APPARATUS 

The apparatus listed under 1, with the exception of a photoelectric colorimeter 
and a Wiley mill, plus the following: 

(a) Bottles. —Small reagent bottles of approximately 60 ml. capacity, with either 
glass or cork stoppers, are convenient receptacles in which to bring the diethyl ether 
solutions to the proper dilution. 

(b) Pipets. —Volumetric pipets of various capacities are required for making 
necessary dilutions, also straight dropping pipets (medicine droppers). 

(c) Scrubbing tubes for washing ether solutions. —Open tube of approximately 20 
mm. diameter, to one end of which is sealed a tube of smaller diameter drawn to a 
fine jet at the lower end. 

(d) Separatory funnels. —250-500 ml. capacity. 

(e) Double-deck separatory funnel support. 

(f) Spectrophotometer. —Must be capable of isolating a spectral region of about 
30 A. near 6600 A. with negligible stray radiation. Tubulated cells with tightly 
fitting glass stoppers are recommended for work with diethyl ether. 

5 REAGENTS 

Those listed under 2 plus the following: 

(a) Diethyl ether. —Commercial ether designated as purified for fat extraction 
is satisfactory without further purification. 

(b) Sodium sulfate. —C.P. grade, anhydrous. 

(c) Trisodium phosphate. —Glassware used in this work should be washed with 
a strong solution of this salt in order to remove traces of acid that might tend to de¬ 
compose chlorophyl. 

6 DETERMINATION 

(a) Extraction of chlorophyl from tissue. — Select and prepare the sample as 
directed in 3. Disintegrate a weighed portion (2-10 grams depending upon the chloro¬ 
phyl content) of fresh plant tissue in a Waring blendor cup, which contains a small 
quantity (approx. 0.1 gram) of CaCOa, or by use of a mortar as described in 3. After 
the tissue is thoroughly disintegrated, filter the extract through a Buchner funnel 
fitted with a quantitative filter paper. Wash the residue with the 85% acetone solu¬ 
tion, and if necessary use a little diethyl ether to remove the last traces of pigment. 
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If extraction is incomplete, return the residue and the filter paper to the blendor 
container with more acetone solution and repeat the extraction. Filter, and wash 
as directed previously into the flask containing the first filtrate. Transfer the filtrate 
to a volumetric flask of appropriate size and make to volume with the 85% acetone. 
Pipet an aliquot of 25-50 ml. into a separatory funnel containing about 50 ml. of 
diethyl ether. Add distilled water carefully until it is apparent that all the fat- 
soluble pigments have entered the ether layer. Draw off and discard the water 
layer. Place the separatory funnel containing the ether solution in the upper rack of 
the support. Add approximately 100 ml. of distilled water to a second separatory 
funnel and place it in the rack below the first. Set the scrubbing tube in place and 
allow the ether solution to run through it to the bottom of the lower funnel and rise 
in small droplets through the water. When all the solution has left the upper funnel, 
rinse it and the scrubbing tube with a little ether added from a medicine dropper. 
Place the scrubbing tube in the upper funnel and exchange its place in the support 
with the funnel now containing the ether solution. Draw off and discard the water in 
the upper funnel, add a similar portion of fresh water to the lower funnel, and repeat 
the washing process. Continue washing the ether solution until all of the acetone is 
removed (5-10 washings). When washing is complete, transfer the ether solution to a 
100 ml. volumetric flask, make to volume, and mix. 

(b) Spectrophotometric measurements. —Add about a teaspoonful of anhydrous 
NasSO« to a 60 ml. reagent bottle, and fill it with the ether solution of the pigment. 
When this solution is optically clear, pipet an aliquot into another dry bottle and 
dilute it with sufficient dry ether to cause the lognj Io/I value to fall between 0.2 and 
0.8 at the wave length to be used. The most favorable value is near 0.6 at 6600 A., 
since such a solution will yield a satisfactory value at 6425 A. Fill two clean glass- 
stoppered absorption cells with dry ether by use of a pipet, and polish the outside 
surfaces of each, first with cotton wet with ethanol and then with dry cotton. 
Place the cells in the instrument, and determine whether each gives the same gal¬ 
vanometer deflection. If not, clean again or select cells that do, and follow this 
procedure daily. Empty one cell, fill it with the dried ether solution, and place it in 
the instrument. Adjust the entrance and exit slits until the spectral region isolated 
is 30-40 A. at 6600 A. Determine whether the instrument is in proper adjustment 
for wave length by taking readings through the solvent and the solution at intervals 
of 10 A. from 6580-6650 A. Calculate the logio Io/I value for each wave length at 
which readings were taken. The highest value should occur at 6600 A.; if it does not, 
adjust the machine until it does or make the 6600 A. readings at the wave length 
setting that gave the highest value. In the case of a grating instrument apply the 
same correction at 6425A.; however, with a prism instrument the correction at 
6425 A. must be obtained from a wave length calibration curve for the particular 
instrument in use. Calibrate the instrument for wave length in this way often enough 
to insure that it remains in proper adjustment. Take Io and I readings at 6600 and 
6425 A. (or the corrected settings) for each unknown solution. 

(c) Calculation of chlorophyl concentration .—Calculate the logio Io/I values for 
each of the readings made, substitute them in the following simplified equations, 
and solve for total chlorophyl and each of the a and b components as follows: 

(1) Total chlorophyl (mg./liter) —7.12 logio (at 6600 A.) 

+16.8 log,, y (at 6425 A.). 
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(2) Chlorophyl a (mg./liter) =9.93 log™ y (at 6600 A.) 

-0.777 log,, y (at 6425 A.). 

(3) Chlorophyl 6 (mg./liter) =17.6 logio y(6425 A) 

-2.81 logic y (at 6600 A.). 


SUPPLEMENTARY INFORMATION 

The factors involved in the spcctrophotometric analysis of the chlorophyl system 
have been discussed in detail by Comar and Zscheile. 6 These authors used Beer's 
law in the form: 



where 


/o is intensity of light transmitted by the solvent-filled cell, 
I is intensity of light transmitted by the solution-filled cell, 
c is concentration of chlorophyl (grams/liter), 
a is specific absorption coefficient, and 
l is thickness of solution layer in cm. 


Since at a given wave length the observed logic /o// value of a solution having 
two components represents the sum of the logio Jo// values of each of the com¬ 
ponents, the following equation obtains in the case of chlorophyls a and b at a given 
wave length: 

(4) (logio ** (logio -p)« + (logio —)6- 

I observed I I 


If a 1 cm. cell is used this equation may be expressed as: 

(5) (logio -~) , , —oc a c a + atbCb- 

I observed 


The concentrations of chlorophyls a and b in a given diethyl ether solution can 
now be calculated by the use of equation (5) as follows: 

(a) Determine logio Io/I values for the solution at two different wave lengths 
(6600 and 6425 A, have been found advantageous for this purpose). 

(b) Select the proper specific absorption coefficient corresponding to the wave 
lengths used from Table 3. 

(c) Substitute the observed logio Io/I value and the specific absorption coeffi¬ 
cient in equation (5) for each of the two wave lengths used as illustrated for 6600 
and 6425 A. in equations (6) and (7). Solve these two equations simultaneously for 
the two unknowns, the concentrations of chlorophyls a and b. 

(6) logio y (at 6600 A) = 102c. +4.50 c b . 
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Equations (1), (2), and (3) were derived in this way. 

The criterion for the accuracy of the chlorophyl values as determined by the 
spectrophotometric method is the agreement between analytical results as deter¬ 
mined from measurements at different wave lengths. It has been demonstrated by 
Comar and Zscheile 6 that measurements at 6600 and 6425 A. are convenient for 
routine analysis; however, readings may be made at other wave lengths to check 
these values. Specific absorption coefficients for chlorophylsa and b in diethyl ether 
solution that may be used for this purpose are presented in Table 3. 


Table 3. —Absorption constants used in analysis 
(After Comar and Zscheile 8 ) 


wivx length 

A. 

SPECIFIC ABSORPTION COEFFICIENTS 
(FOR DIETHYL ETHER SOLUTIONS) 

CHLOROPHYL & 

CHLOROPHYL b 

6600 

102. 

4.50 

6425 

16.3 

57.5 

6000 

9.95 

9.95 

5810 

8.05 

8.05 

5680 

7.11 

7.11 

6130 

15.6 

8.05 

5890 

5.90 

10.3 


These values (Table 3) may be used for calculations as follows: 

(a) Values for total chlorophyl and percentage composition may be calculated 
from absorption values at 6600 and 6425 A. as described. 

(b) Check values for total chlorophyl may be calculated from the absorption 
values at the intersection points 6000, 5810, and 5680 A. 

(c) Check values for percentage composition may be calculated from the ab¬ 
sorption values for each of the points 6130 and 5890 A. in combination with a value 
of total concentration as obtained from (a) or (b). 


REPORT ON IRON IN PLANTS* 

By Erwin J. Benne, Associate Referee , and A. Joyce Snyder 
(Agricultural Experiment Station, East Lansing, Mich.) 

Work on methods for determining iron in plant ash has been continued 
since publication of the 1941 report on this subject. 1 As stated in that 
report a study of certain colorimetric methods for evaluating iron was 
begun in the authors' laboratory with the object of finding a method more 
reliable and better suited to use with photoelectric colorimeters than one 
depending upon the color of ferric thiocyanate in acidified aqueous solu¬ 
tions as given in the 1940 edition of Methods of Analysis, A.O.A.C. 


* Published with permission of the Director of the Experiment Station at Journal Article No. 663 (nj.) 
i Thu Journal. 25,555 (1042). 
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The method involving the use of o-phenanthroline, which forms a 
stable, colored complex with ferrous ions, appeared to be the most promis¬ 
ing of the procedures investigated. Hence, the details given by Cowling 
in the previous report, 1 were submitted to interested collaborators for 
study. At the beginning of this study each collaborator who expressed 
willingness to participate was furnished three samples for analysis. Sample 
No. 1 was finely ground lettuce leaves, No. 2 finely ground spinach leaves, 

Table 1 .—Results of collaborative study on evaluation of iron by o-phenanthroline 
and thiocyanate procedures in plant ash extracted by different methods (averages of two 
or more determinations expressed as mg. of Fe/gram in Samples 1 and 2 and as mg. of 
Fe/ml. in Sample 3) 


COLLAB¬ 

ORATOR 

SAMPLE 1 

SAMPLE 2 

SAMPLE 3 

0-PIIKNAN- 

THROLINE 

| THIOCYANATE 

O-PHENAN- 

THROLINE 

THIOCYANATE 

O-PHENAN¬ 

THROLINE 

THIOCYANATE 

METHOD OF EXTRACTING ASH 

METHOD OF EXTRACTING ASH 

EXTRACT FURNISHED 

1 

COWLING 

A.O.A.C. 

COWLING 

A.O.A.C. 

COWLING 

A.O.A.C. 

COWLING 

A.O.A.C. 


.48 

44 

49 

44 

1 72 

1 65 

1.75 

1 62 

017 

.017 

(»)* 

2 

.44 

• 41 

.47 

43 

1 62 

1 62 

1 67 

1 62 

017 

016 

(b)* 

.45 

42 

44 

43 

1 65 

1 65 

1 63 

1 65 

.017 

017 

3 

.45 

.50 

.53 

.50 

1 43 

1 62 

1.74 

1.63 

017 

.015 

4 

.47 

.41 

46 

42 

1 63 

1 51 

1 75 

1.71 

017 

019 

Averages 

.46 

44 

.48 

44 

1 61 

1 61 

1 71 

| 1 65 

.017 

017 


* Obtained by use of a spectrophotometer and a visual colorimeter, respectively. 


and No. 3 was an extract of spinach ash. In addition each collaborator 
was sent a small quantity of electrolytic iron for preparing the required 
iron solution, in order that a common primary standard might be used by 
all. The collaborators were requested to prepare extracts of the ash of por¬ 
tions of Samples 1 and 2 by Cowling's proposed procedure 1 and by the 
method given in Methods of Analysis } A.O.A.C ., 1940; and to use both the 
o-phenanthroline 1 and the thiocyanate methods for evaluating iron in 
each extract as well as in Sample 3. They were asked to use a photoelectric 
colorimeter for making these evaluations, if one w T ere available, but if not, 
to use a visual colorimeter. If a photoelectric colorimeter was used, they 
were asked to state the make and to describe the light filter used. Results 
have been received from additional collaborators since the 1941 report 
was published. These results are given in Table 1. 

COLLABORATORS AND THEIR COMMENTS 
(1) D . M. Doty and H . A. Nash , Department of Agricultural Chemistry , Purdue 
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University , Lafayette, Ind. —The photoelectric colorimeter used was a KWSZ 
Photometer. A No. 430 Corning light filter, which fives maximum light transmission 
at 4600 A., was used in the o-phen&nthroline procedure; whereas, a combination of 
Corning light filters, Nos. 556 and GG7, which gives maximum light transmission 
at 5000 A., was used with the solutions of ferric thiocyanate. In working with the 
thiocyanate method it was found that different lots of potassium thiocyanate gave 
different color intensities with solutions of identical iron contents. Hence, it was 
found to be necessary to establish a new standard curve for the instrument when the 
original supply of this reagent had been exhausted. The official A.O.A.C. method of 
extracting ash gave consistently lower values for iron in the referee samples and is 
much more tedious than the method suggested by Cowling. 

(2) J. H. Mitchell , Department of Chemistry , Clemson Agricultural College , 
Clemson, 8, C. —A Cenco-Sheard spectrophotelometer and a Klett visual colorim¬ 
eter were used for evaluating iron in different aliquots of the same solutions of the 
referee samples. Readings were taken on the spectrophotometer at 5000 A. for the 
o-phenanthroline solutions and at 4700 A. for the solutions of ferric thiocyanate. 
The visual colorimeter was used in the usual manner. I believe the Cowling method 
will give good results. I see no necessity for the porcelain crucibles. Platinum dishes 
should be just as good. 

(3) A. T. Perkins , C. E. Wagoner , and Douglas Chapin , Department of Chemistry , 
Kansas State College , Manhattan , Kan. —The photoelectric colorimeter used was a 
KWSZ photometer. For the o-phenanthroline procedure a No. 2 WACO blue filter 
and 5% copper sulfate solution were used as light filters, and a No. 4 WACO green 
filter and 5% copper sulfate solution were used for the ferric thiocyanate solutions. 
We found it more difficult to make a percentage transmission vs. concentration 
curve for the thiocyanate procedure as the color was not stable, and it was not always 
possible for us to determine the percentage transmission at exactly the same time 
interval. 

(4) The authors. —The photoelectric colorimeter used was a Cenco-Sheard- 
Sanford photelometer. A No. 430, dark shade, blue-green Corning glass light filter, 
approximately 12.5 mm. thick (obtained by using two moulded filters of one-half 
this thickness), which gives maximum light transmission near 4700 A., was used for 
both the o-phenanthroline and thiocyanate solutions. Our comments will be incorpo¬ 
rated in the discussion. 

(5) O. D. Sherman and J. S . McHargue. Chemistry Department , University of 
Kentucky, Lexington, Ky. —The results and comments of these collaborators are 
published in the 1941 Report; 1 hence, they will not be repeated here. 

COMPARISON OF TITRIMETRIC AND COLORIMETRIC 
VALUES FOR IRON 

Winter, in his report on plants for 1935, 2 gave a few data showing a com¬ 
parison of results for iron by the ferric thiocyanate colorimetric and the 
titanous chloride titrimetric methods {Methods of Analysis , A.O.A.C., 
1935 and 1940). In his report for 1936 8 on the same subject he stated that 
results by these methods agree closely but gave no additional data to sup¬ 
port the statement. He recommended that these methods be studied 
collaboratively; however, if such a study was undertaken the results 
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have never been published. Hence, the authors decided to make a pre¬ 
liminary comparison of values by these methods and to include also the 
o-phenanthroline procedure. The values obtained are given in Table 2. 


Table 2. —Comparison of colorimetric and titrimetric values for iron 
(averages of two or more determinations expressed as mg. of Fe/ml. 
in the solutions and as mg. of Fe/gram in the other samples) 


SAMPLE 

PROCEDURES USED— 

COLORIMETRIC 

0-PHENANTHBOLINB THIOCYANATE 

TITRIMETRIC 

TlCl. 

Standard solutions— 

No. mg. Fe/ml. 

1 1.000 

1.008 

1.045 

1.000 

2 .500 

.514 

.522 

.497 

3 .250 

.259 

.256 

.252 

4 .125 

.130 

.129 

.124 

5 .063 

.063 

.065 

.062 

6 .031 

.033 

.033 

.030 

7 .016 

.017 

.018 

.015 

Referee samples*— 

No. 1 

.46 

.45 

.44 

No. 2 

1.62 

1.76 

1.60 

No. 3—Analyst A 

.017 

.018 

.019 

No. 3—Analyst B 

.017 

.017 

.017 

Hay*— 

Alfalfa 

.013 

.014 

.014 

Alfalfa-brome 

.011 

.012 

.012 

Brome 

.012 

.013 

.015 

Oat leaves*— 

No. 1 

.018 

— 

.020 

No. 2 

.020 

— 

.021 


* Aliquot* of the same ash extract were used with the different procedures. 


DISCUSSION 

It is evident from Table 1 that each procedure used by the different 
collaborators gave values in good agreement for iron in the collaborative 
samples. Indeed the variation among results for a given sample is but little 
more than might be expected among a series of replicate determinations 
by one analyst. Moreover, values obtained by the two colorimetric pro¬ 
cedures agree closely. As stated in the previous report, 1 however, it is the 
authors’ experience that the thiocyanate procedure is less reliable than the 
o-phenanthroline procedure, since ferric thiocyanate in acidified aqueous 
solutions is unstable and the procedure based upon the color of this com- 
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bination frequently gives erratic results for iron. For example, in attempt¬ 
ing to calibrate a photoelectric colorimeter with solutions of ferric thio¬ 
cyanate, prepared according to the A.O.A.C. procedure, the authors 
experienced difficulty in reproducing a curve relating light transmission 
and concentration of iron with solutions of the same iron content. Several 
series of solutions, each containing the same quantities of iron, were car¬ 
ried through the procedure before two curves that coincided were ob¬ 
tained. On the other hand, calibration curves for solutions containing 
similar quantities of iron in the form of the o-phenanthroline complex 
could be reproduced consistently. Once the calibration curves were estab¬ 
lished, however, the two procedures gave comparable values for iron. This 
appears to have been the experience of the other collaborators. The 
authors have obtained similarly inconsistent results with the thiocyanate 
procedure for iron in unknown solutions for reasons that are not obvious. 
Although the o-phenanthroline procedure requires more reagents than the 
thiocyanate procedure, and thereby lacks some of the simplicity of the 
latter, the authors have found it more reliable and better suited to use 
with a photoelectric colorimeter than the present A.O.A.C. procedure. 

With regard to the different methods of extracting ash, it will be noted 
that Collaborators 1 and 4 obtained results for iron by Cowling’s method 
that are consistently higher than those by the A.O.A.C. method. This 
tendency is apparent also in most of the results of Collaborator 2, but it 
does not exist in those from the other collaborators. Such an increase 
could be due to liberation of iron from combinations formed during the 
ashing process, or as suggested by Sherman and McHargue 1 from sand 
contained in the sample, by action of the hydrofluoric acid used in Cow¬ 
ling’s method. These inconsistencies indicate the need for further study on 
the extraction of plant ash for analysis of iron. 

As shown by the data in Table 2 the titanous chloride titrimetric 
method gave values for iron in surprisingly close agreement with those 
obtained by the colorimetric procedures. This was true not only for the 
standard solutions used but for extracts of the ash from several different 
tissues as well. The titanous chloride method is simple and convenient, 
its only objectionable feature being the instability of the reagent, which 
makes frequent standardizations of the solution necessary to insure ac¬ 
curate analytical values. The ease with which this can be accomplished, 
however, minimizes even this objection. According to the authors’ expert 
ence titanous chloride decomposes at an accelerated rate in very dilute 
solutions; hence, it was found to be inadvisable to titrate with a solution 
containing less titanium trichloride per ml. than that equivalent to .2 mg. 
of iron. This limits the use of this method for extremely small quantities 
of iron, since inaccuracies are likely to result from titration when too small 
a volume of solution is required. Although the authors have been able to 
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reproduce results consistently by the titrimetric method with aliquots 
containing only .1 mg. of iron, for samples containing less than this 
amount it would probably be advisable to use a colorimetric procedure. 

Attention should be called to an error in the 1941 report concerning the 
concentration of the bromophenol blue solution used as an indicator in 
the o-phenanthroline procedure. The directions in the original manuscript 
were to prepare a .04 per cent solution by grinding .1 gram of solid bromo¬ 
phenol blue in a mortar with 3 ml. of 0.05 N sodium hydroxide solution, 
transferring to a volumetric flask, and diluting to 250 ml. with distilled 
water. Unfortunately during the printing of the article (This Journal , 25, 
563 (f)) .04 per cent was changed to .4 per cent and .1 gram to 1 gram. 
Anyone desiring to use the method should of course use the correct figures 

RECO M MENDATIONS* 

It is recommended— 

(1) That the thiocyanate method for the colorimetric evaluation of iron 
given in Methods of Analysis , A.O.A.C., 1940, be dropped. 

(2) That the study of the o-phenanthroline procedure for the colori¬ 
metric, and the titanous chloride method for the titrimetric, evaluation of 
iron be continued with the view to adopting them as official methods of 
the A.O.A.C. 

(3) That further study be given to the ashing of plant material and ex¬ 
traction of the ash for the analysis of iron. 
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REPORT ON SOILS AND LIMING MATERIALS 

By W. H. MacIntire (The University of Tennessee Agricultural 
Experiment Station, Knoxville, Tenn.), Referee 

Because of changes and losses of personnel and the subordination of all 
problems to the demands of the War Program, the only collaborative 
work done during the past year has been studies upon C0 2 determinations 
and upon the factors that affect the titrimetric determination of the 
neutralizing values of slags of variant type and composition. These studies 
have been conducted in the laboratories of the Referee as integrated 
phases of established investigations. The results of the C0 2 study ap¬ 
peared in a recent issue of This Journal , “Steam Distillation—A New 
Procedure for the Determination of Carbonate C0 2 ” (August 1943). The 


For report of Subcommittee A and action by the Association, see This Journal, 27, 49 (1944). 
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studies as to titritive procedures for the evaluation of slags have resulted 
in a procedure that is set forth in the report of the Associate Referee on 
Liming Materials. A detailed report on the studies of the several factors 
that influence the dissolution and titration of slags will be given in a paper 
to be tendered This Joumal. 

It is hoped that circumstances will admit of further work on the deter¬ 
mination of boron during the coming year. 

It is recommended*— 

(1) That the proposed method for the titrative evaluation of slags be 
adopted as tentative and studied further. 

(2) That collaboration be sought in furtherance of the several contem¬ 
plated studies. 


REPORT ON LIMING MATERIALS 

By W. M. Shaw (The University of Tennessee Agricultural 
Experiment Station, Knoxville, Tenn.), Associate Referee 

The following recommendations are made upon the basis of experi¬ 
mental data that will be presented in a separate paper to be tendered 
This Journal in the near future. 

It is recommended* that the following procedure be adopted as tenta¬ 
tive for the determination of the neutralizing value of calcium silicate 
slags: 

NEUTRALIZING VALUE OF CALCIUM SILICATE SLAG 

(a) Blast Furnace Slags. —Weigh .5 gram charge ground to pass 80-mesh sieve 
and transfer into a 250 ml. Erlenmeyer flask. Wash down with small portions of 
water and introduce 35 ml. of .5 N HC1 while swirling. Heat to a gentle boil over 
Bunsen burner, agitating the suspension continuously until the bulk of the sample has 
dissolved. Maintain the boiling for 5 minutes; cool to room temperature, transfer to 
150 ml. beaker, and dilute to about 80 ml. Titrate with .5 N NaOH to pH 4.8 as 
determined by a glass electrode. Net ml. of acid used times 5 »neutralizing value of 
slag in terms of CaCOt. 

(b) Slags from Rock Phosphate Reduction Furnaces. —Weigh .5 gram charge and 
transfer into a 250 ml. beaker. Wash down with small portions of water and introduce 
50 ml. of acetic acid (1 -f 4). Stir the suspension continuously during the addition of 
the acid. Heat to boiling 5 minutes, stirring frequently. Evaporate to a gel on hot 
plate or sand bath. Add 40 ml. of the acetic acid, dilute to 150 ml., and heat to boil¬ 
ing; add NH4OH (1 +1) to the clear yellow of methyl red and a distinct odor of 
ammonia. Digest about 15 minutes on hot plate. Filter by gravity on a 9 cm. paper, 
catching the filtrate in a 220 ml. shallow-form porcelain di$h; wash beaker 3 times 
and the filter 5 additional times with neutral .5 N ammonium acetate. Evaporate 
filtrate on hot plate. To prevent spattering adjust heat so that the bubbles that break 
through the viscous surface film are released gently. (Dehydration may be expedited 


* For report of Subcommittee A end action by the Association, see Thu Journal, 27,49 (1944). 
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by 2 or 3 repeated treatments with 25 ml. of hot water and evaporation.) Continue 
the heating of the residue on the heat plate until odor of acetic acid can not be de¬ 
tected. Heat 10 additional minutes at the full heat of the hot plate and then ignite 
10 minutes in electric furnace at 550°C. Cool, wet the residue with 15 ml. of water, 
place cover-glass over dish, and introduce 25 ml. of .5 N IICl through the lip of the 
beaker. Heat 5 minutes over Bunsen burner to a gentle simmer. Rinse the cover- 
glass; filter the suspended manganese oxides on a 9 cm. filter, catching the filtrate 
in a 250 ml. Erlenmeyer flask; and wash dish and the filter 3 times with hot water. 
Titrate excess acid with .5 N NaOH to the clear yellow of methyl red. Net acid 
used X5 — neutralizing value of the slag in terms of CaCO*. 


REPORT ON VITAMINS 

By E. M. Nelson (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Referee 

Vitamin A. —There will be no report. J. B. Wilkie is the associate 
referee. 

Vitamin B x . —O. L. Kline is the associate referee. The referee approves 
of the recommendation of the associate referee that the thiochrome meth¬ 
od proposed be adopted as a tentative method. 

Vitamin C .—Otto A. Bessey is the associate referee. The referee ap¬ 
proves the recommendation of the associate referee that the proposed 
method be adopted as a tentative method. 

Vitamin D , Milk. —There will be no report. W. C. Russell is the asso¬ 
ciate referee. 

Vitamin D, Poultry .—There will be no report. Chester D. Tolle is the 
associate referee. 

Vitamin K .—There will be no report. H. J. Almquist is the associate 
referee. 

Riboflavin. —A. R. Kemmerer is the associate referee. The first two 
recommendations of the associate referee, which read as follows, are ap¬ 
proved: 

(1) That fluorometric methods for riboflavin be further studied so that such a 
method may be recommended for materials other than yeast, dried skim milk, and 
alfalfa. 

(2) That the microbiological method be further studied with a view to improving 
the basal medium. 

It is further recommended that the associate referee be instructed to 
study the microbiological method with a view to making the procedure 
identical with the procedure that has been adopted by the U.S. Pharmaco¬ 
poeia. 

Nicotinic Add. —Harris Isbell is the associate referee. The recommenda¬ 
tion of the associate referee that the method proposed be adopted as a 
tentative method is approved. 
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Carotene and Cryptoxanthin in Yellow Corn .—There will be no report. 
A. R. Kemmerer is the associate referee. 

Crude and Pure Carotene .—A. R. Kemmerer is the associate referee. 
The recommendations of the associate referee are approved. 


REPORT ON VITAMIN 

By 0. L. Kline (Food and Drug Administration, Federal 
Security Agency, Washington, D. C.), Associate Referee 

It has been two years since the last report of the Associate Referee on 
Methods for Determination of Vitamin Bi or Thiamine. In the interim 
considerable progress has been made in modification and adaptation of 
the thiochrome procedure for this determination. 

In November, 1941, the Associate Referee discussed briefly before this 
group a survey of chemical methods for the estimation of vitamin Bi. 
That discussion included a description of the extensive collaborative 
study of methods for the B vitamins applicable to cereal products that 
had been sponsored by the Research Corporation. At that meeting the 
Referee on Vitamins gave instructions to make a study of the chemical 
methods for thiamine and their applicability to A.O.A.C. problems. 
Since that time a number of studies, collaborative in nature, have been 
conducted by groups of workers when problems concerning specific types 
of food products arose. The laboratory with which the Associate Referee 
is associated has taken part in a number of such studies, which include 
additional work on the Research Corporation committees, a study spon¬ 
sored by the American Association of Cereal Chemists, work in connection 
with surveys conducted by experiment station groups, collaborative work 
on methods included in the elaborate vitamin survey now being conducted 
by the National Canners Association, and more recently those studies 
carried out by the Committee on Food Composition of the National Re¬ 
search Council. At present results of these studies for the most part are 
unpublished, but all have added to the experience and knowledge of how 
to adapt the thiochrome method to the examination of food products. 

Important progress has been made also in the application of methods 
for the B vitamins to pharmaceutical preparations. Proposed procedures 
for thiamine, riboflavin, niacin, and choline have been accepted for inclu¬ 
sion in the First Bound Supplement of U.S.P. XII. In conjunction with 
this step a well planned and extensive collaborative study of these meth¬ 
ods has been carried out with more than 40 laboratories taking part. Al¬ 
though the thiochrome procedure used in the study was designed specif¬ 
ically for dried yeast, it has been found equally applicable to all phar- 
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maeeutical preparations thus far examined. In a number of laboratories it 
has been satisfactorily applied as well to cereal products and to vegetable 
products. A brief description of the U.S.P. collaborative study, and the 
results obtained may be desirable at this time to serve as a basis for the 
following recommendation: “That the U.S.P. method for the determina¬ 
tion of thiamine by the thiochrome procedure be adopted as a tentative 
chemical method for the examination of cereal products and vegetable 
products.” 

In June of this year Dr. E. Fullerton Cook, Chairman of the Committee 
on Revision of the United States Pharmacopoeia, issued an invitation to 
participate in a study on the proposed methods that have been men¬ 
tioned, an invitation to which nearly 60 laboratories responded. Samples 
of dried yeast, liver B vitamins concentrate, and liver B vitamins injection 
and U.S.P. Reference Standards for thiamine, riboflavin, and niacin 
were distributed. Descriptions of the methods were supplied, and assayers 
were asked to follow them in exact detail; 41 laboratories reported results 
on one or more of the samples, and the data from 39 of these have been 
tabulated and summarized. Two reports arrived after the tabulation had 
been completed. Mimeographed tables on the data and descriptions of the 
methods used have been distributed. The summary of the data relating 
to thiamine presented here includes the average of the values obtained 
by the proposed U.S.P. procedures, the number and proportion of those 
falling within ± 10 per cent of the average value; the range, that is, the 
high and low value; and the number ofValues falling more than 10 per cent 
below and more than 10 per cent above the average value. For the results 
of “other” methods only the average is given. 

The data on dried yeast in the table include the results from 39 labora¬ 
tories; 33 of these reported a value for thiamine by the proposed U.S.P. 
method. Of the 33 values 25 (or 76 per cent) fall within ±10 per cent of 
the average value of 276. In view of the widely varied experience of 
assayers in a group as large as this the agreement may be considered 
remarkably good. It is clear, however, from comments made by the col¬ 
laborators that the result is somewhat below the true thiamine value for 
this sample of dried yeast. Owing to faulty wording in the description of 
the method as submitted to the collaborators, many of the assayers failed 
to carry the standard thiamine solution through all the steps that are used 
in preparation of the assay solution. This is important because small dif¬ 
ferences in technic, differences in adsorption capacity of the base exchange 
material from various sources, and differences in degree of recovery of the 
thiamine from the base exchange column may affect the final result. Re¬ 
sults given under “other” methods for thiamine include a value obtained 
by the U.S.P. rat-curative technic, and one obtained by the fermentation 
procedure. These values, 300 and 312, are in close agreement with a result 



Table 1 . —Results of U.S.P. collaborative study of dried yeast 
(.Expressed as microgram/gram.) 



Low 163 - 40 489 


25 (76%) fall between 
248 and 305 (±10% of 
276) 

3 above 305 
5 below 248 


17 (57%) fall between 
55 and 67 (±10% of 
61) 

6 above 67 

7 below 55 


19 (76%) fall between 
504 and 616 (±10% of 
560) 

3 above 616 
3 below 504 
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of 305 determined by the thiochrome procedure in which the standard 
solution and assay solution were treated alike. As a result of this study and 
the comments received from the collaborators changes have been made in 
the description of the method, and it is hoped that they will prevent 
further misinterpretation. 

RECOMMENDATIONS* 

It is recommended— 

(1) That the U.S.P. method for the determination of thiamine by the 
thiochrome procedure be adopted as a tentative chemical method to be 
applied to cereal products and vegetable products. 

(2) That during the next year modifications of this technic be studied 
to determine a suitable treatment for other foods such as meat products. 


REPORT ON ASCORBIC ACID (VITAMIN C) IN 
CITRUS FRUITS AND TOMATOES 

By Otto A. Bessey (The Public Health Research Institute 
of The City of New York, Inc.), Associate Referee 

Ascorbic acid (vitamin C) reduces, stoichiometrically and rapidly, a 
number of substances, e.g., certain metal ions, iodine, iodate, and certain 
oxidation-reduction indicators. This is the most characteristic chemical 
property of the vitamin and has, therefore, served as a basis for a number 
of analytical methods, the most practical of which is the indophenol 
method. 1 While this type of reaction is by no means specific, it has been 
shown that by selection of the proper conditions it can be used as a prac¬ 
tical and reliable measure of ascorbic acid in certain products. 

Reducing substances other than ascorbic acid may occur in some foods 
or be developed during processing, e.g., heating alkaline sugar solution, 
baking, dehydration, etc. In these cases, analytical methods based on 
oxidation-reduction reactions are obviously unsatisfactory. Also such 
methods do not measure the oxidized (dehydroascorbic acid) but still bio¬ 
logically active form of ascorbic acid which may develop in some products 
under certain conditions. 

After several years 1 experience in many laboratories there is no evidence 
that dehydroscorbic acid or other reducing substances than ascorbic acid 
occur in fresh or commercially canned citrus fruits or tomatoes. Further¬ 
more, comparison of the indophenol method with the independent (fur¬ 
fural) method of Roe 2 as applied to these products gives satisfactory 
checks. In view of these experiences and observations it seems reasonably 


* For report of Subcommittee A and action by the Association, see This Journal, 27, 48 (1944), 
1 Bessey, Otto A., J. Am. Med. Assoc Ill, 1290-98 (1938). 

* J. Biol. Cham ., 116,609-619 (1936). 
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certain that the indophenol method when used as described below does in 
fact measure the ascorbic acid value of citrus fruits and tomato juice. The 
method has been extensively used with satisfaction by the Food and Drug 
Administration, the Food Distribution Administration, and by many 
other laboratories, including that of the Associate Referee, and therefore 
it seems suitable for recommendation as a tentative method for the 
A.O.A.C. It is planned, now that methods for more thoroughly testing 
the reliability of the proposed method are available, to organize such stud¬ 
ies for the coming year. 

The indophenol method recommended follows essentially that of Bessey 
and King, 8 which was later modified by Musulin and King 4 and Bessey. 6 
One may obtain more detailed information concerning the chemistry and 
underlying principles upon which the analysis is based by consulting the 
publications of King, 6 Harris and Ray, 7 Bessey, 1 Kon and Watson, 8 
Barron, 9 Fujita and Ebihara, 10 and Harris and Olliver. 11 

Briefly, the basic principles of the method depend upon two character¬ 
istics of ascorbic acid; namely, its relative stability in acid solutions and 
its ability to reduce rapidly to a colorless solution the highly tinctorial 
oxidation-reduction indicator dye, 2, 6-dichlorophenol indophenol. The 
dye, although not specific for ascorbic acid, has an active oxidation-re¬ 
duction range nearer to the ascorbic-dehydroascorbic acid system than 
have some of the other suggested oxidizing reagents, e.g., iodine or iodate. 
The reaction is run in the presence of acetic acid and metaphosphoric 
acid. These reagents serve a four-fold purpose: first, to maintain the nec¬ 
essary acidity; second, to inhibit oxidation catalyzed by certain metallic 
ions; third, to inactivate enzymes; and fourth, to precipitate proteins and 
liberate protein-bound ascorbic acid. The chemical reaction is— 

-2H 

C 6 H 8 0 6 <=± CaHeOe 

(Ascorbic +2H (Dehydroascorbic 
Acid) Acid) 

The oxidation of one mol of ascorbic acid requires one mol of the dye. It 
will be noted that the reaction is a reversible one in which two hydrogen 
equivalents are involved. Ordinarily dehydroascorbic acid has not been 
found to exist in plant materials. Some exceptions reported are potatoes 
and maturing apples. A special technic necessary in the assay of the oxi¬ 
dized form requires the use of hydrogen sulfide to reduce the dehydroas- 


* J. Biol. Chem., 103, 687-698 (1933). 

* Ibtd., 116, 409-413 (1936). 

» Ibid., 126, 771-784 (1938). 

• Physiol. Rev., 16, 238-262 (1936). 

7 Biochem. J., 27, 680-689 (1933). 

» Ibid., 30. 2273-2290 (1936). 

• J. Biol. Chem., 112. 626-640 (1936) 
» Biochem. Z., 301,229-237 (1939). 
u Biochem. J„ 36, 166-182 (1942). 


; 116, 663-673 (1936). 
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corbie acid. Information covering a reduction procedure and analysis in¬ 
volving dehydroascorbic acid is given by Bessey 5 ; however, when dealing 
with the types of food products mentioned herein this phase of the prob¬ 
lem need not be considered. 

ASCORBIC ACID (VITAMIN C) APPLICABLE TO ORANGE, GRAPEFRUIT, LEMON. 

LIME, AND TOMATO JUICE 

1 REAGENTS 

(a) Metaphosphoric acid-acetic acid stabilizing extracting solution. —Dissolve 
with shaking 15 grams of stick glacial I1PO* in 40 ml. of glacial acetic acid and 200 
ml. of distilled water, dilute to approximately 500 ml., and filter rapidly through a 
fluted filter into a glass-stoppered bottle. (The HP0 3 slowly changes to H 3 P0 4 , but 
if stored in refrigerator, it remains satisfactory for 7-10 days.) 

(b) Sodium bicarbonate. —0.05 M NaHCOa. Dilute 10 ml. of NaHCO* with 40 ml. 
of water. 

(c) Sodium 2,6-dichlorobenzeneoneindophenol (2,()-dichlorophenolindophenol, so¬ 
dium salt) solution. —Dissolve 0.05 gram of reagent-grade indophenol dye, which has 
been stored in a desiccator over soda-lime, in 50 ml. of water to which has been added 
42 mg. of NaIlC0 3 ; shake vigorously, and when the dye has dissolved dilute to 200 
ml. with water. Filter through a fluted filter into an amber glass-stoppered bottle. 
Keep stoppered, out of direct sunlight, and store in refrigerator. (Decomposition 
products that make the end point indistinct occur in some batches of dry indophenol 
and also develop with time in the stock solution. Add 5.0 ml. of extracting agent con¬ 
taining excess ascorbic acid to 15 ml. of the dye reagent. If the reduced solution is not 
practically colorless, discard and prepare a new stock solution. If the dry dye is at 
fault, obtain a new specimen.) 

(d) Standard ascorbic acid. —Use U.S.P. Reference 1-ascorbic acid (obtainable 
from Dr. E. Fullerton Cook, 43rd St. and Woodland Ave., Philadelphia, Penn.). 
Keep cool, dry, and out of light. 

(e) Indophenol. —Weigh accurately (±0.1 mg.) approximately 0.1 gram of the 
U.S.P. Reference 1-ascorbic acid, transfer to 100 ml. glass-stoppered volumetric 
flask, and bring to mark (room temp.) with the metaphosphoric acid-acetic acid re¬ 
agent. Standardize the indophenol reagent at once as follows: Transfer three 2.0 
ml. aliquots of the standard to each of three 50 ml. Erlenmeyer flasks containing 
5.0 ml. of the metaphosphoric acid-acetic acid reagent. Titrate rapidly with the 
indophenol reagent from a 50 ml. buret until there persists a light but distinct rose- 
pink color for at least 5 seconds. (Each of the titrations should require about 15 ml. 
of the indophenol reagent and they should check well within 0.1 ml.) In like manner 
titrate three blanks composed of 7.0 ml. of the metaphosphoric acid-acetic acid 
reagent plus a volume of water approximately equivalent to the volume of indo¬ 
phenol reagent used in the direct titrations. After subtracting the average blanks 
(usually about 0.1 ml.) from the standardization titrations, calculate and express 
the strength of the indophenol reagent as mg. of ascorbic acid equivalent per 1.0 
ml. of reagent. Standardize the indophenol reagent each day of use with a freshly 
prepared standard ascorbic acid solution. 

2 PREPARATION OF SAMPLE AND DETERMINATION 

Prepare juices as directed under XXVI, 2, p. 335, Methods of Analysis , A.O.A.C., 
1940. Add aliquots of at least 100 ml. of the prepared juice to equal volumes of the 
metaphosphoric acid-acetic acid reagent. Mix, and filter. Titrate 10 ml. aliquots as 
directed for standardization of the indophenol reagent, and make blank determina- 
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tions for corrections of the titrations as described under 1(e), using the proper vol¬ 
umes of acid reagent and water. Express ascorbic acid as mg./lOO ml. of original 
juices. 

Note: Products containing ferrous iron, originating from defective cans or other¬ 
wise, give values in excess of their actual ascorbic acid content by this method. The 
following is a simple test to ascertain whether ferrous iron is present to an extent that 
invalidates the test.—Add 2 drops of 0.05% water solution of methylene blue to 
10 ml. of the freshly prepared sample of juice and the metaphosphoric acid-acetic 
acid reagent. A disappearance of the methylene blue color after 5-10 seconds of 
mixing indicates the presence of interfering substances. 

The Associate Referee wishes to acknowledge the fact that the details 
of the methods as described above are essentially those written and used 
by W. L. Hall of the Food and Drug Administration, Washington, D. C. 


REPORT ON RIBOFLAVIN 

By A. R. Kemmerer (Agricultural Experiment Station, 

College Station, Texas), Associate Referee 

Fluorometric and microbiological methods for riboflavin in yeast and 
dried skim milk, This Journal , 24, 413, and for alfalfa, Ibid., 25,101, 459, 
have been tentatively adopted. In last year’s report, Ibid., 26, 81, a recom¬ 
mendation was made that a modified microbiological technic, given below 
in the recommendations, be tentatively adopted for whole wheat and 
white flour. This recommendation was based on the results of a collabo¬ 
rative study which are given in Tables 1 and 2, Ibid., 84, 86, of last year’s 

Table 1 .—Effect of filtration at pH J^.5 on riboflavin assay 


SAMPLE 

ORIGINAL 

METHOD 

FILTERED, 

pH 4.5 

FROM ORIGINAL 

METHOD 


p.p.m. 

p.p.m. 

percent 

Alfalfa 

16.4 

14.9 

9.2 

Wheat gray shorts 

5.7 

3.4 

40.4 

Fish meal 

9.9 

5.0 

49.5 

Soy bean oil meal 

6.2 

2.8 

54.9 

Whole wheat flour 

1.8 

0.9 

50.0 

White flour 

0.7 

0.4 

42.9 


report. In this modified method the acid extracts of the test materials are 
adjusted to pH of 4.6 and filtered. This procedure removes materials that 
otherwise would cause high results by stimulating the production of excess 
acid by Lactobacillus casei . Recent work by Strong and Carpenter 1 and 


i Ind. Eng. Cham., Anal. Ed., 14, 009, (1042). 
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by Wegner, Kemmerer, and Fraps 2 shows that the modified technic gives 
better results than does the original method on other materials as well as 
wheat flours. Representative data obtained by the latter workers 2 are 
given in Table 1. The precipitates removed did not contain riboflavin but 
enhanced the action of added riboflavin. 

Landy and Dicken 3 and Barton-Wright 4 claim that the microbiological 
method can be improved by the use of a modified basal medium. Studies 
on changes in the medium should be conducted. 

In the report presented here it is the purpose of the Associate Referee to 
restate the recommendation made last year and to make recommendations 
that will incorporate recent improvements in the microbiological methods 
already tentatively adopted. These recommendations are also made with 
the view to the adoption of one general method that can be used for 
practically all materials. 


RECOMMENDATIONS* 

It is recommended— 

(1) That fluorometric methods for riboflavin be further studied so that 
such a method may be recommended for materials other than yeast, dried 
skim milk, and alfalfa. 

(2) That the microbiological method be further studied with a view to 
improving the basal medium. 

(3) That the following microbiological method, This Journal , 26, 81, 
Tables 1 and 2, be tentatively adopted for the determination of riboflavin 
in foods and feeds and in place of the microbiological methods tentatively 
adopted previously for yeast and dried skim milk, Ibid., 24, 416, and al¬ 
falfa, Ibid., 25, 101. 

Reagents. —Proceed as directed in This Journal , 24, 417-18, except to provide 
that the pure culture specified as Lactobacillus casei e be termed by its correct name, 
Lactobacillus casei. 

Preparation of samples. —Weigh 2-10 grams of the sample to be assayed, depend¬ 
ing on the riboflavin content (yeast 2 grams, alfalfa and dried skim milk 3 grams, 
and wheat flours 10 grams). Add 140 ml. of 0.1 N HC1. Mix well and autoclave 15 
minutes at 15 lbs. pressure. (If the sample contains over 5 p.p.m. of riboflavin and 
there is any appreciable amount of material not dissolved by the autoclaving, 
centrifuge off the insoluble material and to it add 140 ml. 0.1 N IIC1 and autoclave 
again for 15 minutes at 15 lbs. pressure. Combine with the first extract (do not re¬ 
move insoluble material). Cool to room temperature. By means of a pH apparatus 
with a glass electrode adjust the pH to 4.5 with normal NaOH. Filter the sample 
carefully, pouring the first few ml. that come through back onto the filter paper. 
Wash the precipitate two times with 10 ml. portions of distilled water, buffered with 
1 ml. phosphate solution, This Journal , 24, 417 (e), and adjusted to pH 4.5 with 0.1 
N HC1. Adjust the pH to 6.G-6.8 and dilute to such a volume that the solution con¬ 
tains 0.05-0.1 p.p.m. of riboflavin. 


* J. Biol. Chem ., 146, 647, (1942). 

> J. Lab. Clin. Med. 27, 1086 (1942). 

« Biochem. J., 37, 26 (1943). 

* For report of Subcommittee A and action by the Association, see This Journal , 27, 48 (1944). 
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Determination .—With each set of assays run known levels of riboflavin consisting 
of 0.0, 0.5, .10, .15, and .20 microgram of riboflavin. Put 4 tubes on each level. With 
a semi microburet or semi micropipet measure 0.0, 0.5, 1.5, and 2.0 ml. of the Stand¬ 
ard Riboflavin Solution C, This Journal , 24, 417, into test tubes and pipet in 5 ml. 
of the liquid culture medium. Add enough water to make the final volume 10 ml. 

Assay the test solutions at 2 or more levels which contain 0.05-0.20 micrograms 
of riboflavin. Place 4 tubes on each level. With a semi microburet or semi micropipet 
measure 0.5-5.0 ml. of test solution into test tubes and pipet in 5 ml. of liquid culture 
medium. Add enough distilled water to make the final volume 10 ml. 

Plug the tubes with non-absorbent cotton, sterilize in the autoclave at 15 lbs. 
pressure for 15 minutes, allow to cool, and inoculate each with 1 drop of the 0.9% 
NaCl inoculum. Incubate at 37°C. for 3 days. Transfer contents to 125 ml. Erlen- 
meyer flasks, wash the tubes with 10-20 ml. of distilled water, and titrate to pH of 
7.0 with 0.1 N NaOH, using bromothymol blue as indicator. 

Calculation of results .—Proceed as directed in This Journal , 24, 419. 


REPORT ON CAROTENE IN FEEDING STUFFS 

By A. R. Kemmerer (Texas Agricultural Experiment Station, 
College Station, Texas), Associate Referee 

In the last two reports of the Associate Referee (This Journal, 25,886; 
26, 77), the need of a complete chromatographic method for the chemical 
estimation of biologically active carotenoids was pointed out. This con¬ 
clusion has been amplified by the recent findings of several laboratories. 
Beadle and Zscheile 1 have shown that fresh vegetables contain appreci¬ 
able amounts of neobeta carotene, an isomer of beta carotene that has 
less biological activity than has beta carotene. Polgar and Zechmeister 2 
have pointed out that beta carotene isomerizes into a number of cis-trans 
isomers. Kemmerer and Fraps 8 in recent work have shown that crude caro¬ 
tene extracts of plant materials may contain, besides the neo-beta-carotene 
of Beadle and Zscheile, appreciable amounts of biologically inactive pig¬ 
ments which they term impurity A and carotenoid X. Representative data 
from the latter work are given in Table l. # The only way in which these 
pigments could be separated was by chromatographic analysis on calcium 
hydroxide. No existing method for pure carotene that was tried would re¬ 
move neobeta carotene and carotenoid X although such methods, includ¬ 
ing the method for pure carotene, tentatively adopted (This Journal , 25, 
891), removed impurity A to a large extent. Magnesium oxide, as recom¬ 
mended in the previous reports for chromatographic analyses, does not 
separate these isomers. Therefore, when the constituents of a carotene 
solution or of a crude carotene fraction are desired the complete chroma¬ 
tographic method utilizing calcium hydroxide is needed. That reliable 


1 J. Biol. Chem., 144, 21, (1942). 

* J. Am. Chem. Soc., 64,1866 (1942). 

’ Ind. Eng. Chem., Anal. Ed., IS, 714 (1943). 
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Table 1 . —Constituents of crude carotene in dehydrated 
alfalfa leaf meal 


SAMPLE MO. 

CRUDE 

CAROTENE 

IMP UR ITT 

A 

CONSTITUENTS (PER CENT) 
CAROTENOID BETA 

X CAROTENE 

NEOBETA 

CAROTENE 

1 

p.p.m. 

23.5 

27.0 


66.4 

6.6 

2 

172.5 

9.4 

12.6 

67.9 

10.1 

3 

102.5 

29.7 

26.7 

26.4 

17.2 

4 

188.3 

5.8 

23.1 

53.3 

17.8 

5 

172 

12.7 

20.5 

50.2 

16.6 


results can be obtained by a similar method is shown by the results of the 
collaborative study carried out last year (This Journal , 26, 80, Table 3). 
The substitution of calcium hydroxide for magnesium oxide causes no 
change in the procedure. 

The method adopted by the A.O.A.C. for crude carotene applies only 
to dried hays and plants. With slight modifications this method can be 
extended to other materials. Such methods are described in the recom¬ 
mendations. 

In some laboratories it is difficult to obtain the ethyl alcohol specified 
in the A.O.A.C. method. A method that does not require alcohol and that 
has given reliable results for the Associate Referee is as follows: 

To 1 or 2 grams of finely ground alfalfa meal add 100 ml. of petroleum benzine 
containing 5% acetone and allow the mixture to stand overnight. Filter on a sintered 
glass funnel and wash the residue 3 times with 15 ml. portions of the solvent. Shake 


Table 2. —Pure carotene in alfalfa by A.O.A.C. method and the 
method without alcohol 


PURE CAROTENE 


SAMPLE NO. 

A. O. A. C. 

METHOD 

METHOD WITHOUT 

ALCOHOL 


p.p.m. 

p.p.m. 

1 

78 

75 

2 

44 

40 

3 

51 

50 

4 

59 

55 

5 

72 

72 

6 

250 

250 

7 

57 

56 

8 

180 

178 

9 

21 

20 


the petroleum benzine extract four times with water to remove the acetone, and dry 
with anhydrous NaiSO* Dilute to 200 ml. or some other appropriate volume. Evapo¬ 
rate a 50 ml. aliquot in vacuo to approximately 10 ml. and pass through a column 
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of MgCO« as specified in the method recommended below for tomatoes and water 
melons. Wash the column until all the carotene is washed through. Dilute the por¬ 
tion that comes through the column to appropriate volume and determine the caro¬ 
tene by one of the A. O. A. C. methods ( Methods of Analysis, A. 0. A. C., 1940, 369). 

A few results obtained by this method are compared in Table 2 with 
results obtained by the tentatively adopted method for pure carotene. 
(This Journal , 25,891). 


RECOMMENDATIONS* 

It is recommended— 

(1) That the method for crude carotene ( Methods of Analyses , A.O.A.C. 
1940, 369) be extended to materials other than dried hays and dried 
plants. The required modifications follow. 

(a) Fresh green materials .—For samples to be analyzed soon after gathering 
(1-2 hours), place 100 grams of material in a large evaporating dish, soak in 100 
ml. of 95% ethyl alcohol for 5 minutes, and cut up with scissors. Add 100 grams of 
clean white sand, free of organic matter, and grind until a uniform mixture is ob¬ 
tained. For samples necessitating shipment or delay in analysis, place approximately 
100 grams of material in a tared fruit jar with a weighed quantity of alcohol or 
methanol. Seal the jar by using a jar rubber under lid. Upon arrival at laboratory, 
weigh jar and contents and subtract weight of jar and alcohol from total weight to 
obtain weight of sample. 

Pour contents of jar into an evaporating dish, cut up with scissors, and grind with 
sand as directed above. Decant liquid from solid part through a cheese cloth and 
make up to volume. Weigh solids. Take aliquots of both solid and liquid, equivalent 
to 5 grams of the fresh untreated material and mix together for carotene analysis. 
Saponify the sample by boiling for 30 minutes in 50 ml. of 12% alcoholic KOH. 
Cool, add 50 ml. of petroleum benzine, and decant liquid into a separatory funnel. 
Transfer residue to a mortar and grind with pestle, first with a 15 ml. portion of 
petroleum benzine and then with a mixture of 5 ml. of 95% ethyl alcohol and 15 
ml. of petroleum benzine until no further color is extracted. Then proceed as directed 
in 61, p. 369, Methods of Analysis , A. O. A. C., 1940. 

(b) Fresh green materials that have been preserved in methanol or ethyl alcohol and 
where only crude carotene on dry bases is desired .—Pour off as much of the alcohol as 
possible. Grind the solid portion in a food chopper and place in a tightly sealed jar 
to prevent evaporation. Weigh out 5 grams of the solid material and proceed as 
directed in (a). Determine dry matter in a portion of the sample. 

(c) Fresh carrots and apricots .—Grind material in a food chopper. Weigh 5 grams 
and reflux with alcoholic KOH as directed in 61, p. 369, Methods of Analysis , A. O. 
A . C., 1940, except to triturate the residue with petroleum benzine and alcohol 
until no more color is removed. 

(d) Fresh sweet potatoes. —Proceed as directed in 61, p. 369, Ibid., except to re¬ 
flux with 95% ethyl alcohol instead of alcoholic KOH. 

(e) Dehydrated fruits and vegetables containing high amount of sugar ( carrots , 
sweet potatoes, apricots, etc .).—To a 2-5 gram sample, add 20-50 ml. of distilled water 
and allow to stand overnight in refrigerator. Then proceed as directed in 61, p. 369, 
Ibid. (Use of a Waring blendor or similar type of apparatus is helpful in the extrac¬ 
tion of these samples.) 

(f) High lycopene-containing materials (tomatoes and water melons ). 


For report of Subcommittee A and action by the Association, see This Journal, 27 ,48 (1944). 
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REAGENTS 

Magnesium carbonate .—Use U.S.P. light MgCOa that will adsorb less than 5% 
of carotene when tested by the following method: 

Place approximately 1 gram in a tube as directed below and pass through it a 
solution of purified carotene (This Journal , 24, 860), containing 1.0-1.5 p.p.m. of 
carotene. Wash with the petroleum benzine and determine the carotene in the 
filtrate. If the MgCOa is too retentive of carotene, try another lot. 

PREPARATION OF COLUMN 

Place 1 gram of the MgCOa in a glass tube 5-8 mm. wide and about 15 cm. tall, 
constricted at one end and plugged with a wad of cotton. Apply suction and pack 
the MgCOa firmly but not too tightly with a cork having a smooth surface and at¬ 
tached to a glass rod. 


DETERMINATION 

Weigh 5 grams of sample and obtain the crude carotene as directed in 61, 369, 
Methods of Analysis } A. O. A . C., 1940. Dilute to 200 ml. Evaporate 50 ml. aliquot 
in vacuo to approximately 10 ml. Then run through a column of MgCOa. Wash the 
column with petroleum benzine until all the carotene is washed through. (A red 
band of lycopene will pass slowly down the column. Be careful that none of this 
pigment is washed through the column.) Dilute the solution that passes through the 
column to appropriate volume and determine the amount of crude carotene as 
directed in 61, 369, Ibid. 

(g) Canned foods .—Pour contents of the can onto a piece of cheese cloth and 
allow liquid to drain. Grind the solids in a food chopper and proceed as directed in 
61, p. 369, Ibid. 

(h) Butter and other fats, egg yolks and liver .—Weigh 5 gram sample and proceed 
as directed in 61, 369, Ibid. 

(i) Blood plasma .—Weigh 10-30 grams of blood plasma and reflux with 25-50 
ml. of alcoholic KOH for 15 minutes. Proceed as directed in 61, 369, Ibid. 

(2) That the complete chromatographic method described below be 
tentatively adopted. 


CAROTENE 

Chromatographic Method 

1 REAGENTS 

(ft) Alcoholic potash .—Dissolve 12 grams of KOH in 100 ml. of 95% ethyl alco¬ 
hol. 

(b) Petroleum benzine .—Use petroleum benzine, b.p. 30°-70°C., or Skellysolve 
F, b.p. 86°-170°F. (30°-70°C.). 

(c) Methanol. —90%. Dilute 100 ml. of water in a liter flask to volume with 
absolute methanol. 

(d) Calcium hydroxide. —Use ordinary commercial hydrated lime that has been 
sifted through a 48-65-mesh sieve. 

2 PREPARATION OF ADSORPTION COLUMN 

Prepare the adsorption column as directed in This Journal , 25, 886, except to 
use the Ca(OH)s instead of MgO and omit cooling the column with ice water. 
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3 EXTRACTION OF PIGMENTS 

Avoid the use of methods in which heating is used because heating produces 
neo-beta-carotene. 3 

(a) Fresh materials, butter , egg yolk, and fresh or dried fecal material, —Chop the 
fresh material into pieces about long and weigh 10 grams into the chamber of a 
Waring blendor or similar type of apparatus. Add 150-200 ml. of the alcoholic KOH 
and grind for 5 minutes. Extract with petroleum benzine and wash with methyl 
alcohol as directed in 61, 369, Methods of Analysis , A. 0. A. C,, 1940. 

(b) Dried hays , grass , and dehydrated leafy vegetables .—To 5-25 grams of material, 
depending on carotene content, add 150-200 ml. of alcoholic KOH, and let stand 
overnight in refrigerator. Then grind in a Waring blendor or similar type of ap¬ 
paratus and extract as directed in 3(a). 

(c) Fresh sweet potatoes, —Proceed as directed for other fresh materials, 3(a), 
except to use 95% ethyl alcohol in place of the alcoholic KOH. 

(d) Dehydrated fruits or vegetables high in sugar, such as dried apricots, carrots , 
or sweet potatoes. —Weigh a 5-10 gram sample, add 50-100 ml. of water, and allow 
to stand overnight in refrigerator. Then proceed as directed in 3(a). 

4 SEPARATION OF PIGMENTS 

Separate the chromatographic pigments as directed in the method for yellow 
corn published in This Journal , 25, 887. With most materials, the bands of pigments 
found in the columns starting from the top are as follows: 

(a) Impurity A. —May consist of several bands of yellow, red, or brownish yellow 
pigments. 

(b) Carotenoid X .—A light orange pigment just above the beta carotene band. 
This pigment separates late in the analysis. 

(c) Beta carotene. —A wide reddish orange band. 

(d) Neobeta carotene. —A yellow-orange band immediately below the beta caro¬ 
tene band. 

(e) Alpha carotene. —An orange band that is not present in most materials in 
appreciable amounts. 

Another small band is sometimes present below the alpha carotene band. For all 
practical purposes it may be removed with the alpha carotene. Sometimes carotenoid 
X separates from the other pigments very slowly. Washing the column with petro¬ 
leum benzine containing 1-5% acetone is often helpful. 


REPORT ON INSECTICIDES AND FUNGICIDES 

By J. J. T. Graham (Insecticide Division, Livestock and Meats Branch, 
Food Distribution Administration, Beltsville, Md.), Referee 

The mercury reduction method for determination of Pyrethrin I in 
pyrethrum powder and extracts proposed by Wilcoxon 1 and modified by 
Holaday 2 has been adopted by this Association as an official method. 3 


1 Contrib . Boyce Thompson Inst., 8, 176 (1936). 

* Ind. Eng . Cham., Anal. Ed., 10,6 (1938). 

* Methods of Analysis, A.O.A.C., 1940, do. 



19 Jb 4 ] graham: report on insecticides and fungicides 547 

In the commercial use of this method it appeared that the results ob¬ 
tained were too low. A reinvestigation of the relation between the re¬ 
duced mercury and Pyrethrin I has been made by Graham and LaForge. 4 

For the investigation upon which the method was based, Wilcoxon 1 
prepared a sample of chrysanthemum monocarboxylic acid which was 
99.8 per cent pure. The purity and identity of this sample were established 
by alkali titration, microchemical combustion, and analysis of the silver 
salt of the acid. Using this preparation Wilcoxon found that under the 
conditions of his experiments, three atoms of Mercury (I) was equivalent 
to 1 mol of the chrysanthemum acid, and therefore of Pyrethrin I. Accord¬ 
ing to Jamieson 6 1 mol of iodate is equivalent to four atoms of Mercury 
(I). From these equivalents, Wilcoxon derived the factor 1 ml. of O.Olilf 
KI0 8 =4.4 mg. of Pyrethrin I, and this factor has been used in the official 
method to the present time. 

In their investigation of the relation between Pyrethrin I and the re¬ 
duced mercury, Graham and LaForge used four samples of pure acid, 
three of which were prepared as described by LaForge and Haller 6 and 
one that was prepared as described by Wilcoxon. 1 The purity and identity 
of these samples were established by titration, refractive index, catalytic 
hydrogenation, and combustion (C and H) analysis. 

Using the four samples of pure acid, these investigators report nineteen 
closely agreeing results from which they find that 1 ml. of 0.01 M KI0 8 = 
5.70 (±.02) mg. of Pyrethrin I, and they recommend the adoption of the 
factor 5.70 for use with this method. 

In consideration of this work it appeared necessary to have cooperative 
work done on it in order that steps might be taken by the Association to 
adopt this modification. Samples of the pure acid were therefore sent to 
several collaborators with the following directions for analysis: 

Weigh approximately 0.09 gram of the pure chrysanthemum monocarboxylic 
acid in a weighing capsule. Transfer the capsule and contents to a 50 ml. beaker and 
add slowly with constant stirring 0.1 N (approx.) NaOH in alcohol colored with a 
drop or two of phenolphthalein solution. Add the NaOH solution in slight excess. 
Transfer the solution of the sodium salt of chrysanthemum monocarboxylic acid to 
a 50 ml. volumetric flask and make to volume. Pipet 10 ml. aliquots of this solution 
into 100 ml. beakers, add 10 ml. of Deniges reagent, and allow to stand 1 hour. Add 
20 ml. of alcohol and 3 ml. of saturated NaCl solution and heat on steam bath for a 
few minutes (until the precipitate has flocculated). Filter through a 7 cm. paper 
(S&S No. 589 or like grade of other filters), and wash twice with hot alcohol and 
three times with hot CHCU. Transfer filter and contents to a glass-stoppered flask 
and titrate with 0.01 M KIO» solution as directed in the official method (Methods 
of Analysis, A. O. A . C., 1940, 67). 

Remarks .—In reporting the results, give weight of the pure acid in each aliquot 


« Soap, 19, 111 (1943). 

* “Volumetric Iodate Methods/’ Chemical Catalog Co., New York (1926). 
•/. Org. Chem ., 2, 69 (1937). 
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and the number of ml. of 0.01 M KIO» required for each titration. Report individual 
determinations, not averages. Correct the titrations if necessary by subtracting a 
blank. It has been the experience of the Referee that the Mercury (I) in the Deniges 
reagent usually requires a correction of about 0.1 ml. in the quantity of KIOi solu¬ 
tion used for titration. 

The results submitted by the collaborators are given in Table 1. 


Table 1 . —Collaborative results on chrysanthemum monocarbozylic 
acid , calculated to Pyrethrin I 


ANALYST 

QUANTITY TAKEN 

0.01 M KIO, 

DERIVED FACTOR, 

CHRYS. ACID 

EQUIV. PYR. I 

PYRETHRIN I 


mo. 

mg. 

ml. 

mg. /ml. 

J. J. T. Graham 

19.71 

38.71 

6.80 

5.69 


19.71 

38.71 

6.78 

5.71 

Av. 5.70 

W. F. Barthel 

19.71 

38.71 

6.80 

5.69 

Bur. Ent. & Plant 

19.71 

38.71 

6.82 

5.68 

Quarantine 

18.10 

35.55 

6.30 

5.64 

Beltsville, Md. 

18.10 

35.55 

6.18 

5.75 

Av. 5.69 

S. B. Soloway 

21.48 

42.19 

7.30 

5.78 

Bur. Ent. & Plant 

37.56 

73.78 

12.60 

5.86 

Quarantine 

37.56 

73.78 

12.54 

5.88 

Beltsville, Md. 




Av. 5.84 

Bur. of Chem. 

18.64 

36.61 

5.98 

6.12 

State of Calif. 

18.58 

36.50 

6.02 

6.06 

Dept, of Agr. 

36.58 

71.85 

11.88 

6.05 

Sacramento, Calif. 

18.64 

36.61 

6.12 

5.98 


18.58 

36.50 

6.15 

5.93 

Av. 6.03 


An examination of the results in Table 1 shows that they are in sub¬ 
stantial agreement with those reported by Graham and LaForge. 4 

DISCUSSION 

As previously stated, Wilcoxon 1 found that 1 mol of chrysanthemum 
monocarboxylic acid reduced 3 atoms of mercury. Graham and LaForge 
pointed out that it is unlikely that the breaking of a double bond would 
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result in the reduction of an odd number of atoms of mercury and stated 
that it was reasonable to assume that Wilcoxon’s factor was an empirical 
one. They found that in their work the number of atoms of mercury re¬ 
duced was 2.38, which was not a whole number, but that the reaction did 
reach a definite and reproducible end point. They suggested that the 
empirical factor 1 ml. of 0.01 M KIO 3 = 5.70 mg. of Pyrethrin I be used in 
the method. The work of the collaborators given in this report supports 
their suggestion. 


RECOMMENDATIONS* 

It is recommended that the value 1 ml. of 0.01 M KIO 3 = 5.70 mg. of 
Pyrethrin I be adopted as the factor in the mercury reduction method 8 
for Pyrethrin I in pyrethrum powder and extracts (first action). 


REPORT ON FLUORINE COMPOUNDS 

By C. G. Donovan (Insecticide Division, Livestock and Meats Branch, 
Food Distribution Administration, Beltsville, Md.), Associate Referee 

At the annual meeting in 1939, this Association adopted the lead chlo- 
rofluoride procedure as an official method for the determination of fluo¬ 
rine in insecticides. This method has proved to be more satisfactory and 
can be applied to a larger variety of fluorine samples than any other 
method yet developed. However, the method, as originally adopted con¬ 
tains several unnecessary steps that prolong the time of analysis, and it 
lacks sufficient directions for its determination in certain other types of 
insecticides now being marketed. Since the formulas of the fluorine insecti¬ 
cides are so varied, it appears impractical to have one general lead chloro- 
fluoride procedure applicable to the various mixtures. The report this year 
consists chiefly in offering the following more detailed method, which is 
divided into five procedures for the different types of fluorine insecticides 
and which is based on the collaborative and investigational analyses con¬ 
ducted by the Associate Referee with lead chlorofluoride procedures. 

FLUORINE 

Lead Chlorofluoride Method 

REAGENTS 

(a) Fusion mixture .—Mix anhydrous Na*COs and K a COs in equimolecular pro¬ 
portions. 

(b) Lead chlorofluoride wash solution .—Dissolve 10 grams of PbCNOah in 200 ml. 
of water; dissolve 1 gram of NaF in 100 ml. of water and add 2 ml. of HC1; mix these 
2 solutions. Allow precipitate to settle and decant supernatant liquid. Wash 4 or 5 
times with 200 ml. of water by decantation, and then add about 1 liter of cold water 


• For report of Subcommittee A and action by the Aasociation, see This Journal, 27 ,48 (1944). 
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to the precipitate and allow to stand 1 hour or longer, with occasional stirring. Pour 
through filter and use clear filtrate. By adding more water to the precipitate of 
PbCIF and stirring, more wash solution may be prepared as needed. 

(c) Standard silver nitrate solution. —0.1 or 0.2 N. Standardize by titration 
against pure NaCl, using K 2 Cr0 4 indicator. 

(d) Standard potassium or ammonium thiocyanate solution. —0.1 N. Standardize 
by comparing with the standard solution of AgNO« under the same conditions as 
obtain in the determination. 

(e) Ferric indicator .—Add to cold saturated solution of ferric alum (free from Cl) 
sufficient colorless HNO* to bleach the brown color. 

(f) Bromophenol blue indicator .—Grind 0.1 gram of the powder with 1.5 ml. of 
0.1 N NaOH solution and dilute to 25 ml. 

DETERMINATION 

I. Samples difficult to decompose such as cryolite , and others that contain aluminum 
or appreciable quantities of silicious material. —Mix 0.5 gram (or less if necessary to 
make content of F fall between 0.01 and 0.10 gram) of sample with 5 grams of fusion 
mixture and 0.2-0.3 gram of powdered silica, cover with 1 gram of fusion mixture, 
and heat to fusion over Bunsen burner. (Use of blast lamp is not required as it is 
only necessary that the mass be fluid, and it is preferable not to heat much beyond 
the temperature at which it melts. If much A1 is present, a uniform, clear, liquid 
melt cannot be obtained. There will be particles of a white solid separated in the 
liquid. The melt after cooling should be colorless, or at least should not have more 
than a gray color.) 

Leach cooled melt with hot water and filter into a 400 ml. beaker when dis¬ 
integration is complete. Return the insoluble residue to a Pt dish by the use of jet 
of water, add 1 gram of Na 2 CO*, make to volume 30-50 ml., boil a few minutes, dis¬ 
integrating any lumps with glass rod flattened on end, filter through same paper, 
wash thoroughly with hot water, and adjust volume of filtrate and washings to ap¬ 
proximately 200 ml. Add 1 gram of ZnO dissolved in 20 ml. of HNOa (1 +9), boil 2 
minutes with constant stirring, filter, and wash thoroughly with hot water. During 
this washing return the gelatinous mass to the beaker three times and thoroughly 
disintegrate in the wash solution because it is difficult to wash this precipitate on 
filter. (The mass can easily be returned to beaker by rotating funnel above beaker 
and at the same time cutting precipitate loose from paper with jet of wash solu¬ 
tion.) 

Add 2 drops of bromophenol blue and, with a cover-glass almost over the beaker, 
add HNOa (1+4) until the color just changes to yellow. Make solution slightly 
alkaline with 10% NaOH and boil gently, with cover-glasses on the beakers, to expel 
COj. Remove from burner; add HNOa (1 +4) until color just changes to yellow and 
then dilute NaOH until color just changes to blue; and add 3 ml. of 10% NaCl. 
(Volume of solution at this point should be 250 ml.) 

Add 2 ml. of HC1 (1 +1) and 5 grams of Pb(N0 8 ) 2 and heat on steam bath. As 
soon as the Pb(N0 8 ) 2 is in solution add 5 grams of sodium acetate, stir vigorously, 
and digest on steam bath 30 minutes with occasional stirring. Allow to stand over¬ 
night at room temperature. Decant solution through a paper of close texture; wash 
precipitate, beaker, and paper once with cold water, then 4 or 5 times with a cool 
saturated solution of PbCIF, and then once more with cold water. 

Transfer precipitate and paper to beaker in which precipitation was made, stir 
paper to a pulp, add 100 ml. of HNO* (5 +95), and heat on steam bath until precipi¬ 
tate is dissolved (5 minutes is ample to dissolve this precipitate. If sample contains 
an appreciable quantity of sulfates the precipitate will contain PbSOi, which will 
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not dissolve. In such a case heat 5-10 minutes with stirring and consider the 
PbCIF to be dissolved). Add a slight excess of 0.1 N or 0.2 N AgNO* solution, digest 
on steam bath 30 minutes, cool to room temperature while protected from light, 
filter, wash with cold water, and determine AgN0 3 in the filtrate by titration with 
the standard thiocyanate solution, using 10 ml. of the ferric indicator. Subtract 
quantity of AgNOj found in filtrate from that originally added. The difference will 
be that required to combine with the Cl in the PbCIF, and from this difference cal¬ 
culate percentage of F in sample on basis that 1 ml. of 0.1 N AgNO*«0.0019 gram 
of F, or 0.2 N AgNOs»0.00380 gram of F. 

II. Water-soluble fluorides in presence of up to 50% organic matter such as flour , 
pyrethrum t tobacco powdery and derris or cube powders t which are readily decomposed 
without addition of powdered silica and are free from or contain only small quantities 
of aluminum or silicious compounds. —Mix 0.5 gram (or less if necessary to make con¬ 
tent of F fall between 0.01 and 0.1 gram) of sample with 5 grams of fusion mixture, 
cover with 1 gram of fusion mixture, and heat to fusion over Bunsen burner. Leach 
cooled melt with hot water, filter into a 600 ml. beaker when disintegration is com¬ 
plete, and wash thoroughly with hot water. Proceed as directed under I beginning, 
“Add 2 drops of bromophenol blue and then with cover-glass almost over the beaker 
add dilute HN0 8 (1+4) until the color just changes to yellow.” 

III. Water-soluble samples in absence of organic matter and appreciable quantities 
of sulfates or aluminum salts. —The fusion may be omitted in absence of organic mat¬ 
ter or other interfering substances and determination made on an aliquot of a water- 
soluble solution containing between 0.01 and 0.1 gram of F, as directed in I, begin¬ 
ning “Add 2 drops of bromophenol blue.’' 

In presence of aluminum, as in sample containing sodium silicofluoride and po¬ 
tassium aluminum sulfate, transfer sample to 400 ml. beaker, dissolve in 150 ml. of 
hot water, add 6 grams of fusion mixture, and boil. Add 1 gram of ZnO dissolved in 
20 ml. of HN0 3 (1+9), boil 2 minutes with constant stirring, filter into a 500 ml. 
volumetric flask, and wash thoroughly with hot water. Cool to room temperature 
and make to volume. Transfer a 200 ml. aliquot containing 0.01-0.10 gram of F to a 
600 ml. beaker, and proceed as directed in I, beginning “Add 2 drops of bromophenol 
indicator.” 

IV. Sodium and magnesium silicofluorides in absence of aluminum and boron t 
with or without organic matter. —With large quantities of sodium silicofluoride and 
some of the more volatile silicofluorides, for example Mg, where there is a possibility 
of some of the F being evolved as SiF< before the melt with the fusion is effected, 
distil the F as directed in the A.O.A.C. method ( Methods of Analysis f A.O.A.C.y 
1940, p. 51) and determine the F in the distillate. Add several drops of bromophenol 
blue, make alkaline with NaOH, and adjust volume to about 250 ml. by gently boil¬ 
ing the volume down from 400 to 250 ml. Proceed as directed under 1, beginning 
“Remove from burner, add HN0 3 (1+4).“ 

V. Samples containing large quantities of organic matter or appreciable quantities 
of sulfates. —Proceed as directed in IV. If sample contains over .8 gram of organic 
matter, make distillate alkaline with NaOH, evaporate to 25-30 ml., and redistil. 

Notes: These procedures give accurate results for 0.01-0.10 gram of F. Below 
0.01 gram the results have a tendency to be slightly low and above 0.10 slightly high. 
A convenient sample to fuse is one that contains 0.07-0.08 gram of fluorine; how¬ 
ever, it is inadvisable to use too large a sample as an incomplete fusion may result. 
Large quantities of boron compounds and alkali salts retard or prevent the complete 
precipitation of lead chlorofluoride. Boron has a greater effect when the quantity of 
F is large than when it is small. In the described procedures the effect of boron is 
small and may be disregarded in the analysis of insecticides if the amount of F to 
be precipitated is not above 0.03 gram. With some compounds containing borax or 
boric acid, where it is difficult to obtain a representative mixture when an extremely 
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small sample (0.1 gram) is used for analysis, a larger one may be taken and the lead 
chlorofiuoride precipitated from an aliquot of the fusion solution. The quantity of 
alkali carbonates specified in the fusion and in the washing of the insoluble residue 
is not large enough to cause low results. 

If sample contains S, it should be removed with CS* and F determined on air dry 
residue, allowance being made in calculations for percentage of S removal. 

ANALYSIS OF TEST SAMPLES 

A commercial cryolite and four especially prepared samples were used for col¬ 
laborative analysis. The composition, the theoretical value for the total fluorine in 
the prepared samples, and the results of the total fluorine determined by three of the 
procedures described are shown in Table 1. 


Table 1 . —Results on prepared samples 


COMPOSITION 

(parts /100) 

SAMPLB 1 

SAMPLE 2 

SAMPLB 3 

SAMPLB 4 

SAMPLB 5 

COMMER¬ 

CIAL 

CRYOLITE 

BARIUM PLUO- 

8ILICATB 20 

PULLERS’ 

BARTH 80 

SODIUM 

PLUORIDB 60 

PYRBTHRUM 

POWDER 25 

CBLITB 10 

PLOUR 5 

SODIUM 

PLUORIDB 45 

SODIUM 8ILICO- 

PLUORIDB 5 

PYRBTHRUM 

POWDBR 60 

BPBCIALLY 

PREPARED 

SODIUM 

PLUORIDB 

Theoretioal values 

■ 





(Per cent F) 

■ 

7.78 

26.77 

23.09 

45.06 

Procedure used 

1 

I 

II 

II 

III 

Analyst 






R. L. Caswell 

60.79 


27.02 

23.26 


San Francisco 

60.60 


26.94 

22.78 


Av. 

60.70 


26.98 

23.02 


C. G. Donovan 

60.20 


kb 

22.78 

45.11 46.27 

Beltsville, Md. 

60.20 

7.76 


22.64 

45.01 45.13 

Av. 

60.20 

7.76 


22.71 

45.13 

J. J. T. Graham 


7.86 




Beltsville, Md. 


7.78 



44.98 



7.70 

■ 

■ 

45.10 

Av. 


7.78 

1 


45.04 

E. C. Payne 

60.2 


27.13 

23.15 


Chicago 

61.1 





Av. 

60.66 


27.13 

23.15 


State of California, 

60.60 


26.52 

22.90 


Dept, of Agr. 

60.76 


26.52 

23.02 


Av. 

50.63 


26.52 

22.96 


Analyst A 






State of Maryland, 






Inspection and 

50.45 

7.78 

27.20 

23.25 


Regulatory Service 

60.43 





Av. 

60.44 



23.25 


Analyst B 






State of Maryland, 

60.69 


27.14 

23.24 


Inspection Service 

60.75 





Av. 

60.72 



23.24 


General Av. 

60.66 

7.78 

26.81 

23.00 

45.10 
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Other mixtures of known composition analogous in composition to proprietary 
preparations on the market were prepared, and the fluorine then determined by the 
Associate Referee by the five procedures described. The results of these determina¬ 
tions, given in Table 2, are typical of those obtained in commercial mixtures. 


Table 2. —Results on fluorine insecticides 


COMPOSITION 

(PARTS/100) 

PROCEDURE 

SAMPLE 

FLUORI) 

PRESENT 

**(%) 

FOUND 




gram 



Sodium fluoride 

50 





Pyrethrum 

25 

I 

.10 

22.34 

22.23 

Celite 

25 





Sodium fluoride 

50 





Wheat flour 

50 

II 

.30 

22.34 

22.36 

Sodium fluoride 

60 





Borax 

20 

II 

.10 

26.81 

26.64 

Pyrethrum powder 

10 


.30 

26.81 

*26.84 

Celite 

10 

II 




Sodium silicofluoride 66f 





Potassium 


III 

.36 

40.19 

40.18 

Aluminum sulfate 

331 





Sodium silicofluoride 50 

IV 

.25 

30.14 

30.07 

Wheat flour 

50 





Sodium fluoride 

15 





Pyrethrum powder 

85 

V 

1.00 

6.70 

6.84 




0.50 

6.70 

6.82 


* Lead chlorofluonde precipitated from an aliquot of the fusion solution. 


DISCUSSION 

Procedure I.—In the presence of excessive quantities of silica some 
silica precipitates with the lead chlorofluoride and retards or entirely pre¬ 
vents its filtration. The silica may also carry down chlorine and this 
causes high results. Low results are obtained in the presence of aluminum. 
It is necessary therefore with samples of this nature to remove most of the 
silica and aluminum from the water solutions after fusion. This procedure 
is essentially the official lead chlorofluoride method. The results of the col¬ 
laborative investigation were given in the 1939 report on fluorine com¬ 
pounds, which was published in This Journal , 23, 547 (1940). 

Procedure II.—In the analysis of the mixtures for which Procedure II 
should be used it is unnecessary to add silica to complete the fusion, or to 
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add the zinc oxide-nitric acid solution, which eliminates two troublesome 
steps, namely the filtering and washing of the bulky precipitate formed 
by the addition of the zinc solution and the subsequent adjustment of the 
filtrate to proper volume by boiling. 

Procedure III.—The first part, for samples of the nature of commercial 
sodium fluoride, was incorporated in the official method that was pub¬ 
lished in Methods of Analysis , A.O.A.C., 1940, as a note. The second part 
pertains to the analysis of certain insecticides that contain sodium sili- 
cofluoride and potassium aluminum sulfate. By this procedure, the fusion 
which causes low results with large quantities of sodium silicofluoride is 
avoided, and the complete removal of aluminum and silicon is attained by 
precipitation from an aqueous solution with sodium carbonate and zinc 
oxide-nitric acid solution. 

Procedure IV—It is not advisable to fuse samples of this nature as some 
of the fluorine is evolved as silicon tetrafluoride before the melt is com¬ 
plete. In this procedure the fluorine is distilled as fluosilicic acid and pre¬ 
cipitated as lead chlorofluoride from the distillate. 

Procedure V.—As examples for the application of this procedure may 
be cited mixtures of 85 per cent pyrethrum powder and 15 per cent sodium 
fluoride, or mixtures of commercial sodium fluoride with 5-10 per cent 
sodium sulfate. It is inadvisable to use Procedures I or II with samples 
containing over 50 per cent organic matter since the time required for the 
satisfactory ignition of the organic matter is too long and some fluorine 
is lost in the prolonged heating. When the determination is made on a 
sample containing over .8 gram of organic matter of the nature of pyreth¬ 
rum powder or starchy material such as corn meal or wheat flour exces¬ 
sive quantities of fatty material distil over, which causes high results. By 
this procedure the fluorine is separated from the sulfate before the precipi¬ 
tation. 

It is recommended* that in the lead chlorofluoride method for deter¬ 
mination of total fluorine, Procedures I, II, III, IV, and V be adopted as 
a substitute for the lead chlorofluoride method, Methods of Analysis 
A.O.A.C., 1940, which is now official for this determination. 

REPORT ON DISINFECTANTS 

By C. M. Brewer (Insecticide Division, Livestock and Meats Branch, 
Food Distribution Administration, Beltsville, Md.), Referee 

In view of the criticism lately aimed at the phenol coefficient method 
and the dissatisfaction now being expressed with phenol coefficient results, 
it seems pertinent at this time to reconsider briefly the official procedure, 
Methods of Analysis, A.O.A.C., 1940, 75, and its purpose. 


For report of Subcommittee A and action by the Association, see This Journal, 27, 48 (1944). 
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There is little objection to the method as a test for coal tar, cresylic, 
and pine oil types of products, which until quite recently formed the pre¬ 
ponderance of disinfectants found on the market. The main objections 
result from the use of the method for testing synthetic preparations now 
being offered in rapidly increasing amounts as substitutes for carbolic acid 
and cresylic compounds. 

As a test for some of these synthetic products, the official phenol coeffi¬ 
cient method has been found to give irregular results, and these have 
emphasized certain weaknesses in the method. Thus far three features of 
the test have been recognized as mainly responsible for its inaccuracies, 
(a) The media: The regulation peptone has not proved consistent in com¬ 
position. Small changes in the phospholipid content of different batch lots 
used in culture medium have been shown to exert a profound effect on the 
phenolic coefficient results obtained on certain synthetic detergents and 
coal tar disinfectants fortified with synthetic wetting agents. 1 Also the pH 
of the test cultures as affected by components of the peptone may also 
strongly influence the phenol coefficient values of certain synthetic com¬ 
pounds, especially the halogenated phenols. 2 (b) The test organism: The 
tendency of the test organism to mutate between rough and smooth form 
has been reported to affect the phenol coefficient values of certain syn¬ 
thetic preparations. 8 (c) The transfer loop: Owing to different surface ten¬ 
sion values exhibited by the variety of current products used as disinfect¬ 
ants, the use of the standard transfer loop results in the removal of differ¬ 
ent amounts of test material with a consequent difference in the number 
of treated organisms carried into the sub-cultures, and constitutes an ap¬ 
preciable source of error. 

To point out that the limited applicability of the official method has 
long been recognized, and that it continues to be satisfactory for many 
types of disinfectants, is only to sidestep the responsibility of improving 
the procedure to accommodate the testing of widely different materials 
for which there is now no suitable test. It is expected that correction of the 
features just cited will do much to broaden the utility of the method and 
improve its accuracy. Work on these problems is now under way, and 
they are the subject of an intensive collaborative effort. In support of the 
test it might be said that much of the criticism of the method that has not 
been justified has emanated from the misconception that the phenol 
coefficient method should provide a means of determining the special 
characteristics and the selective action of a disinfectant—in short its prac¬ 
tical value. The multiplicity of conditions and places in which germicides 
may be subjected to use precludes any possibility of obtaining such infor¬ 
mation from a single laboratory test. A chemical method has the single 


i Brewer, C. M., Am. J. Public. Health, 33, 261-264 (1943). 

* Unpublished data. 

• MaUmann, W. L., Mich. State Coll., E. Lansing, Mich. Unpublished: 
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purpose of determining the presence or amount of a specific compound; 
the assay of a drug determines the degree of activity of a specific biological 
principle; just so, the scope of the phenol coefficient method should be 
limited to the measurement of the germicidal potentialities possessed by a 
material. The utility and means of best exploiting the germicidal poten¬ 
tiality can be made known only through a number of supporting tests; 
whether it is advisable to grant official recognition to certain accessory 
bacteriological methods of testing disinfectants is beside the point. How¬ 
ever, disastrous confusion in the field of germicidal testing can be avoided 
only by maintaining a means of determining the value of the germicidal 
power of a compound under strictly standardized conditions, to serve as a 
reference point for comparative purposes and a basis for related experi¬ 
mentation. 

With the advent of numberless formulations possessing bactericidal 
activity and with the U. S. Department of Agriculture Circular 198, de¬ 
scribing the F.D.A. phenol coefficient method, now out of print, the official 
status of the present phenol coefficient method seems particularly impor¬ 
tant at this time. 


REPORT ON STANDARD SOLUTIONS 

By R. L. Vanda veer (Food and Drug Administration, 

Federal Security Agency, New Orleans, La.), Referee 

No reports were received this year on methods of standardization of 
thiocyanate solution; therefore, it is recommended that both of the sub¬ 
jects stated below be studied further next year, although in the first- 
named subject a report is submitted by the Associate Referee. In con¬ 
nection with this report the Associate Referee recommends that the prep¬ 
aration and standardization of sodium thiosulfate solutions by potassium 
dichromate be submitted for collaborative study. The Referee concurs in 
this recommendation. 

(1) Method for preparation and standardization of sodium thiosulfate 
solution. 

(2) Methods of standardization of thiocyanate solution. 

Consistent with the Referee’s recommendation last year, it is again 

recommended’ 1 ' that the methods for the preparation of standard hydro¬ 
chloric acid solution from constant boiling acid and sodium hydroxide 
solutions by means of constant boiling hydrochloric acid be adopted as 
official, final action. 


For report of Subcommittee A and action by the Association, see This Journal, 27, 48 (1944). 




1944 ] JOHNSON: STABILITY OF SODIUM THIOSULFATE SOLUTIONS 


557 


REPORT ON STABILITY OF STANDARD 
SODIUM THIOSULFATE SOLUTIONS 

By George M. Johnson (Food and Drug Administration, 
Federal Security Agency, St. Louis, Mo.), Associate Referee 

The sterilization of sodium thiosulfate solutions by boiling gives rise 
to the question whether decomposition occurs. According to Kolthoff, 1 
the reactions involved in the decomposition of thiosulfates are Na 2 S 2 0 a—> 
Na 2 SOg+S (very slow) and Na 2 S 03 + 0 —>Na 2 S 04 (measurable). It was 
thought that boiling might accelerate the formation of sulfite. 

In an effort to determine the effect of boiling on thiosulfate solution, 
two liters of approximately 0.1 A sodium thiosulfate was prepared with 
boiled and cooled distilled water. One liter of this solution was left as it 
was; two other portions were boiled under a reflux condenser, for 5 and 15 
minutes, respectively, and transferred while hot to Pyrex bottles pre¬ 
viously cleaned with Na 2 Cr 2 07 +H 2 S 04 solution and dried in an oven at 
100°C. 

Each of these solutions was standardized by the proposed A.O.A.C. 
method, and the sulfite content was determined by the method of Feld 2 
and Sander. 8 This method depends on the liberation of acid when mer¬ 
curic chloride is added to a solution of thiosulfate. 

2N a 2 S 2 0 3 +3HgCl 2 +2H 2 0—>2Na 2 S0 4 +4HC1+(2HgS) HgCl 2 . 

Sodium sulfite reacts similarly, forming a complex mercury salt, but does 
not give free acid. 

N a 2 S0 8 +HgCl 2 —»HgCl • NaSO,+NaCl. 

Sodium bisulfite reacts with mercuric chloride to give a complex sulfonic 
acid which has strong acid properties. 

2NaHSO a +HgCL—»Hg(N aS0 3 ) 2 2HC1. 

In the solution under consideration, however, it was found by direct acid 
and alkali titration 4 that only negligible amounts of bisulfites were pres¬ 
ent, and therefore all the liberated acid could be calculated to thiosulfate. 
The results obtained on these solutions are summarized as follows: 



NO. 1 

NO. 2 

NO. 3 

Solution 

Not Boiled 

5 min. Boiling 

15 min. Boiling 

Normality (K a Cr a C> 7 ) 

0.1012 

0.1015 

0.1016 

Na a SO« (mg/100 ml.) 

4.0 

5.0 

6.0 

Free sulfur 

none 

none 

none 


nalysis, 

* Z. Angew. Chem., 29,1161 (1911); Analyst, 36, 436 (1911). „ . 

» Cham. Z., 39, 946 (1916); Analyst, 41, 84 (1916); Z. anal. Chem., 55,340 (1916); Analyst, 41,320 

* 191 ? Boishard and Grab, Chem. Z., 37, 466 (1913); Analyst, 58, 297 (1913). 
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It will be noted that changes in the solutions on boiling are slight. Sul¬ 
fites increase the normality of a solution as will be noted by the equations. 

SO»“+ Ij+H*0—>SO«"+2H + +2I~ 

2SjO*“ -f- Ii—►SA“+2I- 

It is believed, however, that the slight increase in normality of the boiled 
solutions is due to the unavoidable loss of vapor when the hot solutions 
were transferred to the Pyrex bottles. The small variation in sulfite con¬ 
tent does not appear significant. In support of these conclusions it may be 
pointed out that W. H. McCown 6 finds that autoclaving 0.1 N solutions 
for five and fifteen minute periods under fifteen pounds’ pressure caused 
no change in titer. 

The Associate Referee has prepared a number of 0.1 N solutions by the 
proposed A.O.A.C. method over a period of several years. He has found 
that change in titer under conditions of normal use does not exceed one 
or two parts per million in six months. 

The primary purpose of boiling thiosulfate solutions is to prevent 
bacterial decomposition without resorting to chemical preservatives. This, 
of course, insures sterility of the solution when prepared and requires 
careful handling of the solution during use to minimize danger of inocula¬ 
tion. Unused portions of the solution should be discarded and should not 
be returned to the stock bottle. The stopper of the bottle should be held 
in the fingers and not be allowed to touch the table top. Pipets or other 
pieces of apparatus Bhould not be introduced into the stock bottle. 

Chemical decomposition is not prevented by boiling of the solution. It 
is evidenced in a solution by the presence of free sulfur, a decrease in pH, 
the formation of sulfates, and in some cases the formation of sulfides.* 
The chemical change is slow, however; solutions stored for 22 months 
showed a decrease in normality of about one per cent. 

The distilled water should be of good quality. Kilpatrick and Patrick 7 
find that redistilled water gives greater stability than laboratory distilled 
water. This may be due to removal of copper, which in minute traces 
catalyzes the decomposition of thiosulfates. Therefore, water stored in 
copper containers should not be used if maximum stability is desired. The 
optimum conditions for maximum stability seem to be as follows: Water, 
salt, and container should be sterile; the distilled water should be of good 
quality; and the stock solution should be stored in a dark, cool place. 

It is recommended that the preparation and the standardization of 
sodium thiosulfate solutions by potassium dichromate be submitted to 
collaborative study. 


* Private communication from W. H. McCown, Food and Drug A dm., New Orleans, La; 
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DILUTE HYDROCHLORIC ACID AS A SOLVENT FOR PHOS¬ 
PHATES WITH SPECIAL REFERENCE TO DE- 
FLUORINATED PHOSPHATES AND OTHER 
MATERIALS USED AS PHOSPHORUS 
SUPPLEMENTS FOR LIVESTOCK 

By D. S. Reynolds, W. L. Hill and K. D. Jacob (Bureau 
of Plant Industry, Soils and Agricultural Engineering, 
Agricultural Research Administration, 

Beltsville, Maryland) 

The shortage of bone products for use as phosphorus supplements in 
animal feeds has focused attention on the production of substitute ma¬ 
terials, among which thermally defluorinated superphosphate and ther¬ 
mally defluorinated phosphate rock are of special interest (2, 7, 8, 10, 12, 
13, 14, 20). With the new materials comes the question of phosphorus 
assimilability in comparison with bone meal, but feed control officials, 
being accustomed to a plentiful supply of bone meal, have not found it 
necessary to devise a chemical method for determining assimilable phos¬ 
phorus in mineral feeds. Consequently, there is no standard procedure by 
means of which these substitute materials may be quickly compared with 
one another or with materials of known value. Nevertheless, extraction 
with dilute hydrochloric acid within the range of concentrations found in 
the stomachs of animals has been used by workers in this field, although a 
standardized procedure apparently has not been evolved. The work re¬ 
ported in this paper was initiated to study the factors involved in the ex¬ 
traction of phosphates with dilute hydrochloric acid, with special refer¬ 
ence to thermally defluorinated phosphates. 

NATURE OF DEFLUORINATED PHOSPHATES 

Defluorinated superphosphate .—The ordinary superphosphate manufac¬ 
tured in this country at the present time is essentially a mixture of anhy¬ 
drous calcium sulfate (anhydrite) and monocalcium phosphate (9) that 
usually carries 1.2-2.0 per cent of fluorine, which, on account of its toxicity 
to animals (15, 18), must be removed before the material can be safely 
used as a mineral feed. In order to remove the fluorine, the superphos¬ 
phate is heated in a rotary kiln at 600°-800°C. (21, 23) or higher (22), and 
in the process monocalcium phosphate is replaced by crystalline meta¬ 
phosphate, pyrophosphate, or tricalcium phosphate, or possibly an as¬ 
semblage of the three, depending upon the kiln temperature and the uni¬ 
formity of heating the material. The principal reactions and their approxi¬ 
mate temperature ranges are*: 

* Unpublished data of E. J. Fox of this Bureau. 
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Ca(H 1 P 04 )i^-Ca(P 0,),+2 H,0 below 600° 

0 -Ca(POf)* -fCaSO 4 —> 0 -CajP*O 7 -f-SO* at 600 to 760° 

^-CajPaOy+CaS 04 -^/ 9 -Ca*(P 04 )* -f-SOj at 750 to 1100° 

Calcium orthophosphates—the acid salts, tricalcium phosphate and 
apatites—are known to be utilizable by animals. Data relating to the 
suitability of crystalline metaphosphates and pyrophosphates as phos- 


Table 1 . — “Solubility” of pure calcium phosphates in 0,4% XCl 
(Samples were ground to pass a 100-mesh sieve) 



Compound 



TOTAL P(PtO*) IN 

MO. 

NAMB 

MODIFICA- 

CATION 

PREPARED BY HEATING— 

! 

SAMPLE 

EXTRACT* 





Per cent 

Per cent 
of total 

2247-t ! 

Caloium metaphoBphate 

p 

Ca(H,PO*)t at 600° 

30.9 (70.8) 

1.1 

2247-c 

Calcium metaphosphate 

at 

0-form at 970° 

30.9 (70.8) 

0.8 

2247-d 

1603-a 

Calcium metaphosphate 
Dicalcium phosphate 

Vitreous 

CaHPO. b 

0-form at 1000° 

30.9 (70.8) 
22.5 (51.6) 

24.4 

100.0 

2234-a 

Calcium pyrophosphate 

y 

CaHPO* at 600° 

24.0(55.0) 

48.9 

2234-b 

Calcium pyrophosphate 

P 

i CaHPO* at 800° 

24.0 (55.0) 

21.3 

2234-d 

Calcium pyrophosphate 

a 

0-form at 1200° 

24.0 (55.0) 

51.1 

2202-b 

Tricalcium phosphate 

P 

a-form 0 at 1025° 

20.2 (46.3) 

76.8 

2262-a 

Tricalcium phosphate 

a 

pptd. material* 1 at 1260° 

20.2 (46.3) 

77.0 

2187-b 

Hydroxylapatite 

— 

pptd material® at 900° 

18.4 (42.1) 

78.4 

2188-b 

Silicocarnotite 


Cai(PO«)», CaCOi, and 8iO* 
at 1700° 

12.7 (29.0) 

52.8 


• Prepared by standard procedure described later. 

b Hydrated salt that became completely dehydrated on long standing at room temperature. 

0 Inversion of the a-form yields a coarsely crystalline /5-modification, whereas direct heating of the 
precipitated material at this temperature yields a finely-divided product. 

® Obtained by evaporating a Blurry of phosphoric acid and milk of lime to dryness and igniting the 
product at 1000°C. 

(P,0. ) 

• Obtained by hydrolysing a precipitated material «-—0.78 V in an autoclave. 

I CaO ) 


phorus supplements have not as yet been published. Nevertheless, the 
three classes of calcium phosphates differ markedly in the readiness with 
which the crystalline forms are attacked by dilute acid (Table 1), so that, 
if a defluorinated superphosphate be treated with dilute hydrochloric acid 
by a standardized procedure, the proportion of the phosphorus that is dis¬ 
solved should afford a measure of the extent of the forementioned reac¬ 
tions and therewith some idea as to the classes of phosphorus compounds 
present. 

Defluorinated phosphate rock .—Commercial phosphate rock of domestic 
origin is essentially a mixture of fluorapatite and silica. When it is heated 
to 1400°C., or above, in a flowing atmosphere of steam, the fluorine is ex¬ 
pelled, and the resulting product is defluorinated phosphate rock. De¬ 
pendent upon whether the temperature is maintained below or above the 
melting point of the rock the product has been called calcined phosphate 
(11, 17) ox fused phosphate rock (4, 6). In either case the principal phos- 
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phorus compound in the defluorinated material is the high-temperature 
modification (alpha) of tricalcium phosphate, and therefore the high feed¬ 
ing value found for fused phosphate rock (2, 8,13) was to be expected. 

MATERIALS 

The pure compounds (Table 1) were prepared by the authors and tested 
for form and homogeneity by microscopic and x-ray diffraction methods.* 
Four of the defluorinated superphosphates (Nos. 2263-2265 and 2293b) 
were prepared in this laboratory for use in animal feeding tests; the other 


Table 2. —Screen analyses of thermally defluorinated phosphates, steamed 
bone meal and Florida waste-pond phosphate 
(Commercial materials sold for feeding purposes except as indicated otherwise) 


SAMPLE 

NO. 

MATERIAL. 

FRACTION THROUGH U. 8. STANDARD SIEVE NO. (OPENING IN MM.) 

12 

(1 651) 

20 

(0.840) 

40 

(0.420) 

60 

(0.250) 

80 

(0.175) 

100 

(0.149) 



per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

222l~a 

Defluorinated superphosphate 

— 

100.0 

79.6 

58.8 

46.4 

38.6 

2220-a 

Defluorinated superphosphate 

100.0 

91.9 

72.7 

59.8 

50.7 

44.1 

2222-a* 

Defluorinated superphosphate 

100.0 

99.8 

99.4 

97.2 

93.2 

88.7 

2270 

Defluorinated superphosphate 

100.0 

95.2 

78.9 

64.3 

54.5 

42.2 

2224 

Defluorinated phosphate rock b 

— 

— 

— 

99.1 

98.5 

94.8 

2248 

Steamed bone meal 

— 

96.2 

81.6 

62.4 

— 

38.3 

2249 

Steamed bone meal 

— 

89.0 

69.5 

53.8 

— 

39.1 

2250 

Florida waste-pond phosphate 

— 

64.5 

43.1 

30.6 

— 

21.6 


* Experimental material. 
b Fused phosphate rock. 


six were produced by as many commercial concerns. Of the latter samples 
No. 2270 was prepared in December, 1943, whereas the others were made 
earlier (in or before May, 1943). For purposes of comparison samples of 
bone meal, defluorinated phosphate rock, phosphate rock, phosphate slag, 
vitreous calcium metaphosphate, aluminum phosphate, and some other 
materials were included in the study. The composition of these samples 
is given later in connection with other results. Screen analyses of some 
feed-grade phosphates are given in Table 2. 

The defluorinated superphosphates contained 0.05-0.12 per cent of 
water-soluble P 2 Oft and 0.0-7 per cent of P 2 0 6 that was not dissolved by 
treatment with aqua regia in accordance with the usual practice in ferti¬ 
lizer analysis. Not only does the latter condition necessitate fusion (or 
some other solubilizing treatment) for a determination of total phosphorus 
but it also raises the question whether the usual distillation method for 
fluorine is applicable to such fertilizers. This latter point was tested by re- 


S. B. Hendrioka of this Bureau kindly made the examinations. 
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determining the fluorine in the material that showed the largest amount 
of aqua regia-insoluble phosphorus (No. 2229) after fusion of the sample 
with sodium carbonate, and also after ignition with excess calcium oxide. 
The results by the three treatments were identical within the precision 
of the titration, and thereby indicate that direct distillation of the sample 
is applicable to these materials. In determining the fluorine, the 150-ml. 
distillate from 0.5 gram of sample was evaporated on the hot plate to a 
volume of 50 ml. for the titration; otherwise the usual procedure of this 
laboratory (16) was followed. 

EXTRACTION OF SAMPLE 

Several factors—fineness of sample, digestion temperature, concentra¬ 
tion of acid, duration of digestion and weight of sample—that might be 
expected to influence the quantity of phosphorus brought into solution 
were investigated to determine suitable conditions for a standard proce¬ 
dure for the preparation of the extract. 

Standard procedure .—To 1 gram of sample in a 250 ml. Erlenmeyer flask 
was added 100 ml. of exactly 0.4 per cent (0.1097 N) hydrochloric acid, 
and the mixture was vigorously shaken in the stoppered flask for 30 sec¬ 
onds. The mixture was allowed to digest at 25° for 1 hour with vigorous 
shaking at intervals of 5 minutes. At the end of the digestion period the 
undissolved material was filtered off,* Whatman No. 5 filter paper or its 
equivalent being used, and washed with distilled water until the volume of 
filtrate and washings was 200 ml. Where a precipitate formed in the extract, 
sufficient hydrochloric acid was added to yield a clear solution, which was 
then made up to 250 ml. The extracts were prepared in duplicate, and ali¬ 
quots were boiled 2 hours or longer to convert meta- and pyrophosphates 
to the orthophosphate, and analyzed for phosphorus by the volumetric 
molybdate method for fertilizer materials (1). 

The agreement between single phosphorus determinations on duplicate 
extracts was satisfactory. The differences of 65 pairs of determinations 
randomly selected from the results for a variety of materials ranged from 
0.00 to 0.50 per cent and averaged 0.10 per cent of P 2 06. For the most part 
the larger differences occurred in the case of the phosphorus-rich pure 
compounds. 

Fineness of sample .—The defluorinated phosphates varied considerably 
with respect to fineness (Table 2). Portions of two defluorinated super¬ 
phosphates and the defluorinated phosphate rock were ground to different 
mesh sizes, respectively, and the extracted phosphorus was determined on 


* The difficulty with slow filtration of extracts of steamed bone meal was avoided by the addition of 
filter paper pulp to the mixture at the beginning of the extraction. The presence of paper pulp influences the 
amount of phosphorus extracted. In the case of hydroxylapatite, precipitated tricalcium phosphate and 
waste-pond phosphate, the amounts of extracted phosphorus were increased by 0.4 to 0.6 per cent of PtO« 
(on sample) with the use of filter paper pulp, whereas in the case of basio slag and silioooarnotite the results 
were lowered by 0.1-2.6 per cent (silioocarnotite) of PtO». 
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these specially prepared samples. The results (Table 3) show only small 
differences between the extracts of 60- and 100-mesh superphosphates and 
a considerably larger difference in the case of defluorinated phosphate 
rock. Although most of the samples used in this study were ground to pass 
the 100-mesh sieve, it is believed that 80-mesh material is fine enough for 
routine tests. 

Digestion temperature and acid concentration .—The variation of ex¬ 
tracted phosphorus for three defluorinated superphosphates prepared by 
commercial concerns with the acid concentration (up to 1.0 per cent of 


Table 3.— Effect of fineness of grinding on amount of phosphorus extracted from 
defluorinated phosphates by standard procedure 


FINENESS 

SAMPLE GROUND TO PASS 

DEFLUORINATED SUPERPHOSPHATE NO. 2220-a 

DEFLUORINATED SUPERPHOSPHATE NO. 2222-a 

-100-MESH MATERIAL 

IN GROUND SAMPLE 

P EXTRACTED 

-100-MESH MATERIAL 

IN GROUND SAMPLE 

P EXTRACTED 

Sieve No. 
(opening in mm.) 

per cent 

per cent of total 

per cent 

per cent of total 

20 (0.840) 

47.0 

51.6 

88.7 

63.4 

40 (0.420) 

62.8 

55.8 

89.8 

63.2 

60 (0.250) 

84.9 

58.1 

91.6 

63.4 

100 (0.149) 

100.0 

59.7 

100.0 

63.5 


DEFLUORINATED SUPERPHOSPHATE NO. 2270 DEFLUORINATED PHOSPHATE ROCK NO. 2219 


20 (0.840) 

49.2 

71.9 

— 

— 

40 (0.420) 

59.4 

73.3 

48.8 

67.0 

60 (0.250) 

90.9 

76.0 

55.0 

68.0 

80 (0.175) 

— 

76.4 

— 

75.0 

100 (0.149) 

100.0 

78.0 

100.0 

76.8 


hydrochloric acid) at room temperature and at 65°C. (other conditions be¬ 
ing the same as in the standard procedure) is illustrated graphically in 
Figure 1. The graph also shows comparable results at room temperature 
for bone meal, defluorinated phosphate rock, beta tricalcium phosphate 
and vitreous calcium metaphosphate. Results for one other defluorinated 
superphosphate (No. 2222-a) prepared by a commercial concern, being 
very similar to (though somewhat higher than) those for No. 2221-a, are 
not shown in Figure 1. The indicated effect of digestion temperature on 
the amounts of phosphorus extracted from these defluorinated super¬ 
phosphates is small for acid concentration up to about 0.6 per cent, being 
in most cases least at a concentration of 0.4 per cent. The same is true for 
defluorinated superphosphates prepared in the laboratory at tempera¬ 
tures above about 700°C. (Figure 2), whereas the results for materials 
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Fig. 1.—Effect of digestion temperature and concentration of btdro- 

CHLORIC ACID ON AMOUNT OF PHOSPHORUS EXTRACTED FROM COMMERCIALLY-PRE¬ 
PARED DEFLUORINATED PHOSPHATES. 

prepared at lower temperatures are markedly sensitive to the tempera¬ 
ture of digestion. The data obtained on a variety of materials with the use 
of 0.4 per cent hydrochloric acid are summarized in Table 4, from which 
it will be observed that with the exception of aluminum phosphate, su¬ 
perphosphate defluorinated at low temperatures, fused phosphate rock, 
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CONCENTRATION OF ACID, PER CENT 

Fig. 2. —Effect of digestion temperature and concentration of hydro¬ 
chloric ACID ON AMOUNT OF PHOSPHORUS EXTRACTED FROM LABORATORY PREPA¬ 
RATIONS OF DEFLUORINATED SUPERPHOSPHATE. 

and vitreous calcium metaphosphate the results at the two temperatures 
agree within less than 3 per cent of the total phosphorus. 

Duration of digestion .—Results for extracted phosphorus obtained on a 
number of defluorinated phosphates and other materials by varying the 
period of digestion (Table 5) indicate that with the possible exception of 



566 ASSOCIATION OF OFFICIAL AGRICTTLTURAL CHEMISTS [Vol. XXVII, No. 4 


Table 4. —Effect of digestion temperature on amount of phosphorus extracted 

by 04% HCl 





PHOSPHORUS 

TNORBASB 

BA1CPLX 

NO. 

SOURCE OR TTP1 OP MATERIAL 

TOTAL 

P(P.O.) 

SXTRACTXD 

AT— 

WITH 

HIGHBR 





TEMPS IP* 




25* 65 # 

ATURJD 


Natural Phosphates 




per cent 

1 per cent of total 1 

per cent 

2233-b 

Steamed bone meal 

13.4 (30.8) 

08.2 

100.0 

of total 
1.8 

2255 

Florida waste-pond phosphate 

9.7 (22.2) 

69.2 

70.0 

0.8 

904 

Aluminum phosphate, ignited at 
900° 

24.2 (55.4) 

33.6 

56.0 

22.4 


Pure Compounds 


2262-a 

Alpha tricalcium phosphate 

20.2 (46.3) 

77.6 

80.5 

2.9 

2262-b 

Beta tricalcium phosphate 

20.2 (46.3) 

76.8 

78.3 

1.5 

2268 

Beta tricalcium phosphate 

19.6 (44.9) 

83.6 

81.4 

-2.2 

2234-b 

Beta calcium pyrophosphate 

24.0 (55.0) 

21.3 

23.9 

2.6 

1236 

Aluminum phosphate, ignited at 
900° 

23.6(54.1) 

68.5 

79.1 

10.6 

1237 

Ferric phosphate, air-dried 

14.3 (32.8) 

20.2 

19.9 

-0.3 


Defluorinated Superphosphate 


2293-b* 

Laboratory preparation (300°) 

9.9(22.7) 

75.0 

86.2 

11.2 

2263* 

Laboratory preparation (600°) 

10.5(24.0) 

34.8 

53.2 

18.4 

2264* 

Laboratory preparation (760°) 

11.4(26.1) 

52.9 

53.4 

0.5 

2265* 

Laboratory preparation (1010°) 

13.1 (30.0) 

85.2 

84.5 

-0.7 

2215-a 

Commercial preparation, exptl. 

11.0(25.2) 

44.4 

45.8 

1.4 

2221-a 

Commercial preparation, exptl. 

12.6(28.9) 

44.4 

45.2 

0.8 

2220-a 

Commercial preparation, exptl. 

12.1 (27.7) 

59.7 

57.2 

-2.5 

2222-a 

Commercial preparation, exptl. 

12.7(29.0) 

63.5 

63.9 

0.4 

2270 

Commercial preparation, exptl. 

12.8(29.4) 

76.4 

76.7 

0.3 


Defluorinated Phosphate Rock and Metaphosphate Glass 


2296 

Calcined phosphate b 

9.0 (20.7) 

94.2 

96.9 

2.7 

2224 

Fused phosphate .rock 0 

12.4 (28.5) 

78.8 

84.1 

5.3 

2228 

Vitreous calcium metaphosphate d 

25.7 (58.8) 

54.2 

95.4 

41.2 


* Prepared in this Bureau by heating 100-gram lots of Florida land-pebble superphosphate No. 2261 
at the temperature shown in the second column. Nos. 2263-2265 were prepared in a muffle furnace, whereas 
No. 2293-b was prepared in a tube furnace provided with a flowing atmosphere of steam. 

b Commercial material. 

• Produced by the Tennessee Valley Authority. 

d Fertiliser material (3) produced by the Tennessee Valley Authority. 


vitreous calcium metaphosphate little can be gained by digesting longer 
than 1 hour. 
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The type of agitation during digestion is of interest in this connection. 
Although this feature of the method was not studied systematically, the 
effect of continuous agitation by inversion on a rotating machine was de¬ 
termined on three of the laboratory preparations of defluorinated super¬ 
phosphate. The results obtained with 1 hour digestion at 25°C. showed 


Table 5. —Effect of duration of digestion on amount of phosphorus extracted hy 

0.4% HCl at 25°C. 





PHOSPHORUS IN 

INCREASE 

SAMPLE 

MO. 

SOURCE OR TIPS OP MATERIAL* 

TOTAL 

PCPiO.) 

EXTRACT BY 

DIGESTING POR 

WITH 

LONGER 

DIGES¬ 








30 MIN. 60 MIN. 

TION 


Natural Phosphates and Bone Products 




per cent 

per cent of total 

per cent 

2233-b 

Steamed bone meal 

13.4 (30.8) 

96.2 

98.2 

of total 
2.0 

2245 

Bone char 

16.0 (36.7) 

62.9 

65.0 

2.1 

2255 

Florida waste-pond phosphate 

9.7 (22.2) 

69.3 

69.2 

-0.1 

1934 

Florida land-pebble phosphate 

13.7 (31.3) 

55.3 

57.4 

2.1 


Defluorinated Superphosphate 


2293-b 

Laboratory preparation (300°) 

9.9 (22.7) 

72.8 

75.0 

2.2 

2263 

Laboratory preparation (600°) 

10.5 (24.0) 

32.5 

34.8 

2.8 

2264 

Laboratory preparation (760°) 

11.4 (26.1) 

51.8 

52.9 

1.1 

2265 

Laboratory preparation (1010°) 

13.1 (30.0) 

84.5 

85.2 

0.7 

2221-a 

Commercial preparation 

12.6 (28.9) 

43.9 b 

44.4° 

0.5 

2222-a 

Commercial preparation exptl. 

12.7 (29.0) 

62.8 d 

63.2® 

0.4 


Defluorinated Phosphate Rock and Metaphosphate Glass 


2296 

Calcined phosphate 

9.0 (20.7) 

91.2 

94.2 

3.0 

2224 

Fused phosphate rock 

12.4 (28.5) 

75.6 

78.8 

3.2 

2228 

Vitreous calcium metaphosphate 

25.7 (58.8) 

41.1 

54.2 

13.1 


• For further description refer to footnotes to Table 4 and 7. 
b Result for 15-minute digestion period was 42.3. 

• Result for 90-minute digestion period was 45.1. 
d Result for 15-minute digestion period was 61.2. 

• Result for 90-mmute digestion period was 63.3. 


increases of 7.2, 17.9, and 1.6 per cent of the total phosphorus, respec¬ 
tively, for materials prepared at 600°, 760°, and 1010°C. 

Weight of sample .—As might be expected in the case of an empirical 
method of this type, the amount of extracted phosphorus is in many in¬ 
stances markedly affected by the weight of sample used with a fixed vol¬ 
ume of extractant (Table 6). The increases in extracted phosphorus when 
the size of sample was reduced from 1 to 0.5 gram, range from zero in the 
case of natural aluminum phosphate to nearly 30 per cent of the total 
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Table 6. —Effect of weight of sample on amount of phosphorus extracted 
by 04% HCl at $5°C. 


BAMPLB 

NO. 

SOUBCS OB TIPI OP MAT1RIAL* 

TOTAL 

P(P.O.) 

PHOSPHOBtTS IN 

SXTRACT OP 

BAMFL1 Or 

INCBSASB 

WITH 

8MALLBB 




1 ORAM 0.6 OBAM 

BAMPLB 


Natural Phosphates and Bone Products 



• 


per cent of toUil 

per cent 
of total 

2233-b 

Steamed bone meal 

13.4 (30.8) 

98.2 

98.9 

0.7 

2245 

Bone char 

16.0 (36.7) 

65.0 

94.6 

29.6 

2255 

Florida waste-pond phosphate 

9.7 (22.2) 

69.2 

71.0 

1.8 

1934 

Florida land-pebble phosphate 

13.7 (31.3) 

57.4 

88.4 

21.0 

904 

Aluminum phosphate, ignited at 
900° 

24.2(55.4) 

33.6 

33.6 

0.0 


Pure Compounds 


2262-a 

Alpha tricalcium phosphate 

20.2 (46.3) 

77.6 

94.3 

BQ 

2234-b 

Beta calcium pyrophosphate 

24.0 (55.0) 

11.7 

18.1 

ma 

2247-a 

Beta calcium metaphosphate 

30.9 (70.8) 

1.1 

1.5 

Kn 


Defluorinated Superphosphate 


2293-b 

Laboratory preparation (300°) 

9.9 (22.7) 

75.0 

83.4 

8.4 

2263 

Laboratory preparation (600°) 

10.5 (24.0) 

34.8 

43.4 

8.6 

2264 

Laboratory preparation (760°) 

11.4 (26.1) 

52.9 

82.4 

29.5 

2265 

Laboratory preparation (1010°) 

13.1 (30.0) 

85.2 


1.8 

2215-a 

Commercial preparation, exptl. 


44.4 

66.6 

22.2 

2221-a 

Commercial preparation 

12.6 (28.9) 

44.4 

48.4 

4.0 

2220-a 

Commercial preparation 

12.1 (27.7) 

59.7 

67.2 

7.5 


Defluorinated Phosphate Rock and Metaphosphate Glass 


2296 

Calcined phosphate 

9.0 (20.7) 

94.2 

99.1 

4.9 

2224 

Fused phosphate rock 

12.4 (28.5) 

78.8 

96.8 

18.0 

2228 

Vitreous calcium metaphosphate 

25.7 (58.8) 

54.2 

57.1 

2.9 


* For further description refer to footnotes to Tables 1,4, and 7. 


phosphorus in bone char and in a defluorinated superphosphate prepared 
at 760°C. 

It has been rightly suggested" 1 that 100 ml. of 0.4 per cent of hydro¬ 
chloric acid will perhaps dissolve only about 0.86 gram of anhydrous tri¬ 
calcium phosphate (neglecting hydrolytic decomposition of the solution) 
and that for this reason, as well as on account of the widely variable cal¬ 
cium to phosphorus ratio in the materials subject to test, a larger ex- 


C. A. Butt, private communication. 
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tractant to sample ratio would seem desirable. Although the writers are 
not unfriendly to this view, it may be pointed out that the dissolution of 
tricalcium phosphate should not be a problem with materials containing 
less than about 39 per cent of P 2 O 6 . 

RESULTS FOR DIFFERENT PHOSPHATES 

The phosphorus extracted with the use of the standard procedure from 
a variety of phosphate materials is shown in the last column of Table 7, 
which also contains data relating to the composition of the samples. Com¬ 
parable data for compounds that are possible constituents of thermally 
defluorinated phosphates were introduced earlier (Table 1). 

On the basis of the results for extracted phosphorus the investigated 
materials differ widely. In the case of pure crystalline compounds (Table 
1) the “solubility” of the metaphosphates is only about 1 per cent and 
that of the tricalcium phosphates and hydroxylapatite is 77-78 per cent, 
whereas the pyrophosphates occupy an intermediate position (21-51 per 
cent). Similarly, the results for commercially prepared materials (Table 
7) spread from 100 per cent for a bone meal down to 29.2 per cent for 
“Accofos,” while those for commercially prepared defluorinated superphos¬ 
phates range from 33.4 per cent for an experimental product produced in 
the first half of 1943 to 76.4 per cent for a commercial material produced 
at the close of 1943. 

APPLICATION TO EVALUATION OF PHOSPHATES FOR 
MINERAL FEED 

The problem of the relative values of different phosphates for mineral 
feed is one for animal nutrition studies, and the results of any chemical 
or solubility method must be thoroughly substantiated by feeding tests 
before the method can have any valid claim to recognition as a measure 
of availability. In the absence of results of parallel nutrition studies, with 
which the “solubility” data could be compared, the procedure described 
above cannot be presented as a method for determining available phos¬ 
phorus in mineral feeds. Indeed, such a method, if and when it becomes 
established, may not even involve the use of dilute hydrochloric acid. A 
few observations bearing on the availability of phosphates by animals 
may, however, be noted here. 

The concentration of hydrochloric acid specified in the standard pro¬ 
cedure is well within the range of concentrations (0.1-0.55 per cent) of 
this acid found in the stomachs of different animals (5), and a phosphate 
that is only slightly attacked by 0.4 per cent hydrochloric acid, for exam¬ 
ple crystalline calcium metaphosphate, could scarcely be expected to show 
favorable results in feeding tests. On the other hand, solubility is appar¬ 
ently not an infallible criterion of availability, for Shelling and Asher (19) 
found no evidence of assimilation of phosphate ingested in the form of 



Table 7. —Composition of feed-grad* phosphate* and related materials 
(Samples were ground to pass 100-mesh sieve, unless indicated otherwise) 


SAlfPUD 

NO. 

SOtJBCB OB TYPE OF HA TX RIAL 

F 

CaO 

(AltOt) (FetOi) 

SOi 

TOTAL P(PtO0 IN 

SA1IPUD 

ACID 

XX TRACI* 



per 

cent 

per cent 

per 

cent 

per cent 

per cent 
of total 


Bone Products 


2233-b b 

Steamed bone meal 

0.06 

40.8 


13.4(30.8) 


2248 b 

Steamed bone meal 

0.03 

37.0 


12.2 (27.9) 


2245 

Bone char® 

0.09 

52.4 


16.0 (36.7) 



Defluorinated Superphosphate 


2229 

Commercial preparation, exptl. 

0.40 

39.6 

28.2 

11.8(27.0) 

33.4 

2263 d 

Laboratory preparation (600°) 

0.06 

34.0 

32.8 

10.5 (24.0) 

34.8 

2216-a 

Commercial preparation, exptl. 

0.04 

37.6 

28.7 

11.0 (25.2) 

44.4 

2221-a 

Commercial preparation, exptl. 

0.01 

37.7 

20.8 

12.6 (28.9) 

45.1 

2264 d 

Laboratory preparation (760°) 

0.01 

37.2 

26.1 

11.4 (26.1) 

62.9 

2220-a 

Commercial preparation 

0.24 

42.2 

20.4 

12.1 (27.7) 

59.7 

2222-a 

Commercial preparation, exptl. 

0.01 


19.2 

12.7 (29.0) 

63.5 

2293-b d 

Laboratory preparation (300°) 

0.21 

31.5 

33.5 

9.9 (22.7) 

75.0 

2270 

Commercial preparation 

0.09 


19.7 

12.8 (29.4) 

76.4 

2265 d 

Laboratory preparation (1010°) 

0.02 


15.6 

13.1 (30.0) 

85.2 


Defluorinated Phosphate Rock 


2296 b 

Calcined phosphate 


30.4 

_ 

■PWWlii 

2224 b 

Fused phosphate Rock® 


40.4 

— 

BKr IP f jjBB 

2252 

"Accofos” 

2.18 

— 

— 

BSZmSEI 


Other Furnace Products 


2282 

Slag* 

0.04 

38.1* 

_ 

8.5(19.4) 

89.3 

2227 

sW> 

0.01 

35.9 1 

— 

13.5 (31.3) 

68.1 

2228 

Vitreous calcium metaphosphate^ 

0.39 

24.6 

— 

25.7 (58.8) 

64.2 


Phosphate Rock 


2255 

Florida waste-pond phosphate* 

1.78 

24.6 

— 

9.7 (22.2) 

69.2 

985 

Curacao Island 

0.70 

50.0 


16.8 (38.4) 

67.3 

1934 

Florida land pebble 

3.75 

45.2 

0.7 

13.7 (31.1) 

67.4 

1936 

Tennessee brown rock 

3.52 

44.6 

1.3 

14.2 (32.5) 

66.0 


Miscellaneous Products 


2261 

Florida land-pebble superphosphate 

1.46 

28.8 

30.8 

9.1 (20.8) 

94.6 

2261 

Pofos* 

1.54 

34.0 

— 

7.7 (17.7) 

90.0 

1237 

Ferric phosphate, synthetic 

— 

(41.8) 

— 

14.3 (32.8) 

20.2 

904 

Aluminum phosphate, natural 

0.05 

(28.6) 

— 

18.5 (42.3) 

2.0 

1236 

Aluminum phosphate, syntbetio 

— 

(26.7) 

— 

15.9 (36.5) 

95.5 


* Prepared by the standard procedure. 

b Sample was around to pass 80-meah sieve. 

® Spent bone black from a sugar refinery. 

d Prepared in this Bureau by heating 100-gram lots of Florida land-pebble superphosphate No. 2261 
at the temperature shown in the second column. Nos. 2263-2265 were prepared in a muffle furnace, whereas 
No. 2293-b was prepared ih a tube furnace provided with a flowing atmosphere of steam. 

* Prepared oy the fusion process (6) at plant of Tennessee Valley Authority. 

* Produced experimentally by Tennessee Valley Authority by calcining ferrophosphorus with limestone 
in a rotary kiln. 

* Contains 35.8%, of Fe*Oi. 

® Produced experimentally by a commercial concern. 

J Contains 2.42% A1*0», 5.16% Fe*Oi (total Fe), 3.32% MnO and 9.65% MgO. 

I Fertiliser material (3) produced by Tennessee Valley Authority. , 

* Sold under the trade name “Sea-Coil” for use in animal feeds. Waste-pond phosphate has also been 
marketed under the names, Colloidal Phosphate, Collophos, Mineral Colloids, Mim-Coll, Phosphate Col* 


loads. Cal-Phos, PhosCalOids, Vitaloid Phosphate, Lonfosco and Colimephos. 

1 Trade name for a material sold as “partially defluorinated phosphate” for 


use in poultry feeding. 
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water-soluble sodium metaphosphate. Availability results obtained in 
rat feeding experiments* with defluorinated superphosphates 2220-a, 
2221-a, and 2222-a place these materials in the same order as do the “solu¬ 
bility” data (Table 7), and according to nutrition studies on rats by Fraser 
and others (8) the availabilities of defluorinated (fused) phosphate rock, 
crude vitreous calcium metaphosphate, and pure vitreous calcium meta¬ 
phosphate, respectively, are 96, 73, and 49 relative to sodium orthophos¬ 
phate as 100, in comparison with the sequence 80, 55, and 25 obtained 
from the “solubility” data for very similar samples and taking steamed 
bone meal as the standard of reference. 
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DETERMINATION OF AMIN0AZOXYLENE IN D&C 
RED NO. 18 

By O. L. Evbnson (Cosmetic Division, Food and Drug Admin¬ 
istration, Federal Security Agency, Washington, D. C.) 

D&C Red No. 18 (Oil Red OS) l-Xylylazoxylylazo-2-naphthol, is listed 
by the Food and Drug Administration among the coal-tar colors certifia¬ 
ble for use in drugs and cosmetics. 1 In the preparation of this color another 
azo dye, aminoazoxylene, is used as an intermediate. 

The proposed method for the determination of this intermediate in¬ 
cludes a separation of aminoazoxylene from a petroleum benzine solution 
of D&C Red No. 18 by extraction with an acidic water-alcohol mixture 
followed by removal of the intermediate from this mixture by steam dis¬ 
tillation. 


METHOD 

BEAOENTS 

(a) Ethyl alcohol. —95 %. 

(b) Petroleum benzine. —30°-65°C. b.p. 

(c) Acidic water-alcohol extraction mixture. —To 600 ml. of distilled water add 200 
ml. of HtSOg, cool, add 200 ml. of ethyl alcohol, and mix. 

(d) Standard solution of aminoazoxylene. —Dissolve 50 mg. of p-amino-azoxylene 
(m.p. 143°-44°C.) in 500 ml. of 95% ethyl alcohol. 

APPARATUS 

For steam distillation use a 500 ml. flask which has a ground-glass joint and is 
equipped with a distilling head, the steam inlet tube of which reaches nearly to the 
bottom of the flask. Numerous fine holes at the tip of the tube permit the steam to 
spread at the bottom of the flask. Connect distilling head with a vertically placed, 
20-inch, straight tube condenser, using ground glass joints. 

DETERMINATION 

Dissolve 1 gram of D&C Red No. 18 in 100 ml. of CHCIs. Transfer 5 ml. of this 
solution to a 500 ml. separatory funnel containing 250 ml. of petroleum benzine. 
Extract the aminoazoxylene by shaking vigorously with several 20 ml. portions of 
the acidic water-alcohol mixture (four 20 ml. portions are usually sufficient). Transfer 
the extracts to a 250 ml. volumetric flask. (If less than 0.1 % of intermediate is pres¬ 
ent in the dye, a 100 ml. flask should be used.) Dilute to the mark and mix. Transfer 
an aliquot containing approximately 0.1 mg. of aminoazoxyelene to the steam dis¬ 
tillation flask. Cool in an ice bath and make just alkaline to litmus with Na*CO», 
added in small quantities. Adjust the volume to about 50 ml. and add about 20 
grams of NaCl. Insert the distilling head and connect with the condenser. Heat 
nearly to boiling and connect with a generator which delivers steam without bump¬ 
ing. Distil slowly at first (too rapid generation of steam or boiling of the contents in 
the distillation flask may result in loss of the intermediate). Collect the distillate in a 
100 ml. flask. When about 85 ml. has been collected, discontinue the distillation, dis¬ 
connect, and wash the condenser with about 15 ml. of 95% alcohol and drain into the 


1 S.R.A., F.D.C. 3, Food and Drug Administration, Federal Security Agency. 
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receiving flask. Transfer the distillate to a 250 ml. separatory funnel and extract the 
intermediate with 3 portions (30, 25, and 20 ml.) of ethyl ether. Drain the extracts 
into a wide Nessler or suitable test tube and remove the solvent at room temperature 
with the aid of a gentle stream of air washed by passage through H 2 SO 4 . Dissolve 
the residue in 20 ml. of 95% alcohol and compare with standards made to contain 
0.05-0.15 mg. of aminoazoxylene in the same volume of solvent. 

Known quantities of aminoazoxylene were added to 50 mg. of D&C Red 
No. 18, dissolved in petroleum benzine and previously shaken with por¬ 
tions of the acidic water-alcohol mixture to remove any intermediate 

Table 1. —Recovery data 

AMINOAZOXYLENE 


SAMPLE 

ADDED 

RECOVERED 


mg. 

per cent 

1 

0.10 

90 

2 

0.25 

88 

3 

0.50 

95 

4 

1.00 

90 

5 

1.25 

93 

6 

1.50 

88 

7 

2.00 

90 

8 

2.50 

93 



Average 91 


originally present, and recoveries were determined. The results in Table 1 
indicate a recovery of approximately 90 per cent. 

DISCUSSION 

The process of steam distillation introduced in the method accounts in 
some measure for the low recoveries shown in Table 1, but this procedure 
was necessary to obtain a product comparable in shade to the standards. 
Aminoazoxylene distils readily, all but a small proportion coming over in 
the first few minutes. The distillate may sometimes be nearly colorless due 
to lowering of the pH by the carbon dioxide that comes over with the 
steam. Aminoazoxylene when present in low concentrations in water is 
nearly colorless at pH 3.5. At about pH 5, however, it is yellow and at pH 
2.5 turns red. The addition of sodium chloride lowers the vapor pressure 
of the aqueous solution, and it also tends to decrease the solubility of the 
aminoazoxylene and promote its volatilization with steam. Xylidines, if 
present, also come over with steam, but they do not interfere in the colori¬ 
metric test. 

SUMMARY 

A method is proposed for the determination of aminoazoxylene in D&C 
Red No. 18. 

Typical data, indicating 90 per cent recoveries, are given. 
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IDENTIFICATION OF THIOGLYCOLIC ACID 

By J. H. Jones (Cosmetic Division, Food and Drug Administra¬ 
tion, Federal Security Agency, Washington, D. C.) 

Thioglycolic acid is a component of many solutions for cold permanent 
waving. Hoshall 1 and Shupe 2 have described several color reactions and 
precipitation tests for the identification of this acid. However, most of 
these reactions are not specific for thioglycolic acid but are given also by 
other thiols. In addition, sulfites, thiosulfates, and sulfides, which may 
be present in waving preparations, obscure the precipitation tests. 

A more specific identification may be obtained by the conversion of 
thioglycolic acid to dithiodiglycolic acid and identification of the latter. 
In neutral or acid solution thioglycolic acid, like other thiols, is oxidized 
by iodine to the corresponding disulfide. Dithiodiglycolic acid is very solu¬ 
ble in water but may be partially extracted from an acidified solution with 
ether. Evaporation of the ether gives the solid dithiodiglycolic acid, which 
may be recrystallized and identified by its melting point. The neutraliza¬ 
tion equivalent of dithiodiglycolic acid can be determined accurately arid 
may be used to confirm the identity of the derivative. 

The following procedure is tentatively suggested for the utilization of 
these properties in the identification of thioglycolic acid in permanent 
wave solutions. 

TENTATIVE METHOD 
REAGENTS 

Iodine solutions .—Approximately IN and approximately 0.1 N. 

Sodium bisulfite solution. —5%. 

Benzene-ethyl acetate solvent .—Mix 9 volumes of benzene and 1 volume of an¬ 
hydrous ethyl acetate. 


PROCEDURE 

Place an aliquot of the solution containing 0.2-1.0 gram of thioglycolic acid (10 
ml. is usually sufficient for permanent wave solutions) in a separatory funnel and add 
HC1 until the solution is slightly acid. Use starch solution as an indicator and oxidize 
the sulfur compounds with approximately 1 N iodine. Decolorize by dropwise addi¬ 
tion of the bisulfite solution, filter if any water-insoluble compounds have been pro¬ 
duced, and adjust to the exact starch-iodine end point with 0.1 AT iodine. Add 
concentrated HC1, equal to about 50% of the volume of the solution at this point, 
extract with 20 ml. of CHC1 8 , and discard the CHCls layer. Extract with three por¬ 
tions of ethyl ether (50, 25, and 25 ml.), combine the ether extracts, and wash with 
two 10 ml. portions of water. (A small amount of iodine in the ether layer at this 
point does no harm.) Filter the ether through a pledget of cotton, placed in a long 
stem funnel, and evaporate to dryness on a steam bath. Dissolve the residue in the 
minimum amount of boiling benzene-ethyl acetate solvent, filter, cool, and let stand 
until the crystals form. (It may be necessary to scratch the sides of the container 


i This Journal , 23, 727 (1940). 
* Private communication. 
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vigorously to induce crystallization.) Filter, wash the white precipitate with cold 
benzene, dry, and determine the melting point. (Melting points listed by Mullikan* 
for dithiodiglycolic acid are 100° and 107°-108°C.) 

To determine the equivalent weight of the acid, dissolve an accurately weighed 
quantity in a small quantity of water, add 2-3 drops of phenolphthalein indicator, 
and titrate with standard NaOH. (The theoretical equivalent weight is 91.2.) 

Dithiodiglycolic acid is a white, non-hygroscopic, odorless solid. It is 
very soluble in water, alcohol, ethyl *ther, and ethyl acetate, but only 
slightly soluble in benzene, chloroform, and petroleum benzine. 

Attempts to recrystallize dithiodiglycolic acid by the procedures pro¬ 
posed in the literature often failed to give a pure product. This was par¬ 
ticularly true if only a small amount of material was available. The pro¬ 
posed benzene-ethyl acetate mixture appears to be a suitable solvent when 
the recrystallization of small quantities of the acid is involved. Deriva¬ 
tives prepared from commercial permanent wave solutions by the above 
method usually melted above 100°C. after a single recrystallization. When 
sufficient material for several recrystallizations was available, a product 
whose melting point agreed with the higher values reported in the litera¬ 
ture could be obtained. Typical results for such a series of recrystalliza¬ 
tions are shown in Table 1. 

Table 1 . —Purification of dithiodiglycolic acid 


NUMBER OF 

RKCRYBTALLIZATIONB 

MELTING 

POINT 

EQUIVALENT 

WEIOHT 

1 

°c. 

98-102 

94.0 

2 

104-105 

92.4 

3 

105-106 

92.2 

4 

105-106 

(106-107)* 

91.4 


* Capillary tube method All other melting points determined on a melting point bloek. 


Either macro or semi-micro (25-50 mg.) samples may be used for the 
equivalent weight determinations. 

The procedure described has been successfully used to identify thiogly- 
colic acid in a number of permanent wave solutions. No other sulfur com¬ 
pounds proposed for use in such preparations give after oxidation with 
iodine a product soluble in water and extractable with ether. The single 
extraction with chloroform and recrystallization from benzene-ethyl ace¬ 
tate usually eliminate the small quantity of oil or fatty acid present. If a 
large quantity of oil is present, several extractions with chloroform must 
be made. 

The proposed procedure has not been applied to depilatories, but with 

^ 192 ^"IdontifioutiQn of Pure Organic Compounds," Vol. IV, p. 108. John Wiley and Sons, New York 
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suitable modifications it could undoubtedly be used to identify thioglycol- 
lates in this type of preparation. 

The proposed extraction is not quantitative, but sufficient dithiodigly- 
colic acid for identification can be obtained from 0.2 gram of thioglycolic 
acid. Experiments are in progress to determine whether the extraction can 
be made quantitative by suitable modifications. If quantitative extraction 
could be obtained, it would provide a method for the determination of 
thioglycolic acid in the presence of other reducing compounds. 


SPECTROPHOTOMETRIC ANALYSIS OF COAL-TAR COLORS 
I. EXT D&C YELLOW NO. 5 

By G. R. Clark and S. H. Newbtjrger (Cosmetic Division, Food and 

Drug Administration, Federal Security Agency, Washington, D. C.) 

For some of the colors certifiable under the Coal-Tar Color Regula¬ 
tions, 1 the most satisfactory way of estimating the pure dye content has 
been to calculate it from a determination of the nitrogen in the dye. The 
objection to such a method is that the presence of any nitrogenous ma¬ 
terial as an impurity will lead to erroneous results. Spectrophotometric 
methods of analysis have therefore been investigated for some of these 
colorsj The results indicate that such methods are of adequate precision 
for determining the pure dye, and that they also serve to identify the 
colors. 

In these investigations samples sufficiently pure to serve as standards 
were prepared, and spectrophotometric data were obtained from solutions 
of these samples. From these data the applicability of Beer’s law was 
checked; absorption peaks were determined; and extinction ratios* 
were calculated, at suitable wave lengths, to aid in the identification of 
the colors. 

All optical measurements were made with a General Electric recording 
spectrophotometer equipped with slit adjustments for an 8 millimicron 
wave length band. 

Results obtained in the investigation of Ext D&C Yellow No. 5 (Hansa 
Yellow) are reported here. Data for other colors will be presented in future 
numbers of This Journal. 


EXPERIMENTAL 

Preparation of Standard Sample. —3-Nitro-4-aminotoluene (m.p. 117°C.) 
was diazotized and coupled with acetoacetanilid (m.p. 83°C.) in alkaline 


1 S.R.A.F.D.C. 3, U. S. Food and Drug Administration, Washington, D. C. 

1 Technical Bulletin No. 310, U. 8. Department of Agriculture, p. 21. June, 1932. 
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solution. The product was crystallized twice from 1,4 dioxan and melted 
at 258°C. (literature* gives 256°C.). 

A portion of this material, recrystallized from 2-nitropropane, showed 
no change in melting point. Spectrophotometrically, an examination of 
chloroform solutions showed no difference between this material and that 
obtained from 1,4 dioxan. The substance crystallized from 1,4 dioxan 
was therefore considered sufficiently pure to serve as a standard. 

Preparation of Solutions .—A 20.04 mg. portion of dye was weighed on a 
semi microbalance, sensitive to 0.02 mg., and dissolved by warming with 
80 ml. of chloroform. The solution was cooled to room temperature, trans- 


Table 1 . —Extinction values of chloroform solutions of Ext D & C 
Yellow No. 5 


CfJRVS NO. 

CONCENTRATION 

e 413 mp 

e 413 m/A 

(CHART 1) 

CONCENTRATION 

1 

mg. /liter 

2.50 

0.157 

.0628 

2 

5.01 

0.317 

.0633 

3 

10.02 

0.630 

.0629 

4 

20.04 

1.263 

.0630 




Av. .0630 


ferred to a 100 ml. volumetric flask, and made to volume with chloroform. 
Aliquot portions of these solutions were diluted with chloroform to the 
concentrations shown in Table 1. All solutions were made to volume at 
the temperature of the room in which the optical measurements were 
made. 

Spectrophotometric Data .—The chloroform solution of Ext D&C Yellow 
No. 5 shows an absorption peak at 413 + 2 m/x. (All wave lengths were 
corrected to ±2 m/x with the aid of didymium glasses tested by the Na¬ 
tional Bureau of Standards; cf. footnote to Charts 1-3, inclusive.) 

The ratio of the extinction values at 410 and 430 m/x was measured for 
use as an aid in the identification of the color. This ratio is 
= 1.23 ±0.02. 

For the extinction curves and the tabulated data, see Chart 1 and 
Table 1. 


DISCUSSION 

The ratios of extinction to concentration in Table 1 indicate that at 413 
m/x deviations from Beer’s law are less than 1 per cent for chloroform 


1 Fieri, David, H. E., and Ziegler, E., Helv. Chim . Acta, 11,776 (192S). 
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WAVELENGTH IN MILLIMICRONS 


Chart 1.—Pure Ext D&C Yellow No. 5 in chloroform. 

Curve 1—2.5 mg./liter. 

Curve 2—5.01 mg./liter. 

Curve 3—10.02 mg./liter. 

Curve 4—20.04 mg./liter. 

Cells—1 cm. 

A » Corning Didymium Glass 512, 6.0 mm. 

(Absorption peaks at 400.4, 441.4, 477.1, 529.0, and 684.8 m/i) 

B =*Corning Didymium Glass 592, 4.02 mm. 

(Absorption peak at 583.7 m*t.) 

C = Signal Lunar White Glass-H-6946236. 

solutions of Ext D&C Yellow No. 5 containing 2.5-20 mg. of color per 
liter. The pure dye content of a sample of this color can therefore be cal¬ 
culated from spectrophotometric data on its chloroform solution by com¬ 
parison with a standard solution of known concentration. 

APPLICATION TO COMMERCIAL SAMPLES 

Two samples of certified Ext D&C Yellow No. 5 were analyzed spectro- 
photometrically. Weighed samples were dissolved in 100 ml. of chloroform, 
and extinction measurements were made on suitably diluted aliquots. 
The curves are shown on Chart 2, and the data are presented in Table 2. 
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Chart 2.— Certified samples Ext. D&C Yellow No. 5 in chloroform. 
Curve 1 = Sample 1—15.00 mg./liter. 

Curve 2 = Sample 2—15.17 mg./liter. 

Cells—1 cm. 

A == Corning Didymium Glass 512, 6.0 mm. 

(Absorption peaks at 400.4, 441.4, 477.1, 529.0, and 684.8 m/x.) 

B= Corning Didymium Glass 592, 4.02 mm. 

(Absorption peak at 583.7 m/x.) 

C~ Signal Lunar White Glass II—6946236. 


Table 2. —Analysis of certified samples of Ext D&C Yellow No. 5 


SAMPLE NO. 

M. P. 

CONCENTRATION 

e 413 m/A 

DTE* 

SPECTROPHOTO- 

11ETR1CALLY 

DYE 

PROM 

Ni CONTFNT 


°C. 

mg /liter 


per cent 

per cent 

1 

257 

15.00 

0.925 

98.0 

98.0 

2 

258 

15.17 

0.947 

99.0 

98.5 


* The dye content was calculated by using .063 (Tabic 1) as the extinction value for 1 mg /liter of pure 
Ext D&C Yellow No. 5. 


The pure dye content of lakes made by extending Ext D&C Yellow No. 
5 on insoluble substrata may also be determined by the spectrophoto- 
metric method. The color is dissolved by refluxing the sample with chloro- 
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Chart 3.—Ext. D&C Yellow No. 5 (in chloroform) 

EXTRACTED FROM CERTIFIED LAKES. 

Curve 1 “Sample 1—concentration of lake—23.6 mg./liter. 

Curve 2 “Sample 2—concentration of lake—201 mg./liter. 

Cells—1 cm. 

A “Corning Didymium Glass 512, 6.0 mm. 

(Absorption peaks at 400.4, 441.4, 477.1, 529.0, and 684.8 m^.) 

B — Corning Didymium Glass 592, 4.02 mm. 

(Absorption peak at 583.7 m/x.) 

C — Signal Lunar White Glass—H-6946236. 

form, filtering the solution to remove the substratum, and diluting to 
suitable concentration. The pure dye content is then determined as de¬ 
scribed above. 


Table 3. —Analysts of certified lakes of Ext D&C Yellow No. 5 


■AMPLI MO. 

QUANTITY OR 

nan taken 

®413 m/x 

i 

DTI 

BP1CTROPHOTO- 

MKTHICALLT 

DTK 

FROM 

N» CONTENT 


mg./liter 


'p-:v 

per cent 

1* 

23.6 


1 a. ■ 

47.0 

2t 

201 

H8H 


7.35 


* Substratum—Alumina and talc, 
f Substratum—Gloss white. 
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Application of this method to two samples of certified lakes is shown in 
Chart 3 and Table 3. 

As shown in Tables 2 and 3, the pure dye content for both primary 
colors and lakes as determined by spectrophotometric measurements 
agrees with that calculated from the determination of nitrogen. 

SUMMARY 

Spectrophotometric data for chloroform solutions of purified Ext D&C 
Yellow No. 5 are presented. Beer’s law is shown to be applicable; the 
absorption peak is at 413 m/x, and the extinction ratio is 

1.23 + 0.02. 

Application is made of these data to the determination of pure dye in 
commercial samples of the color. 

Typical results are given. 

REPORT ON FERTILIZERS 

By G. S. Frapb (Agricultural Experiment Station, 

College Station, Texas), Referee 

Very little referee work has been done during the last year. W. H. Ross, 
Associate Referee on Phosphoric Acid, has carried out some cooperative 
pot tests to determine the availability of nitrogen in phosphates, with 
different degrees of ammonification, and H. R. Allen, Associate Referee 
on Acid- and Base-forming Quality, has conducted work on his subject. 
W. Y. Gary, Associate Referee on Copper and Zinc, is now in the Navy. 
All the work has been decreased on account of necessary attention to 
other work relative to the war effort. 

A number of recommendations* adopted as official, first action, in 1941 
should now receive attention for final action. A few other recommenda¬ 
tions are being made. 

RECOMMENDATION FOR FINAL ACTION AS OFFICIAL 

The following methods have been adopted as official, first action (This 
Journal, 25, 47-50, unless otherwise stated) as recommended by the Ref¬ 
eree (Ibid., 314 chiefly) and are recommended for adoption as official, 
final action. The references given are to the paragraph and page in This 
Journal, Vol. 25, for the committee action in 1941. 

(1) That the slotted singfe-tube sampler, the slotted double-tube sam¬ 
pler, and slotted tube and rod sampler (Ibid., 24, 501), all with solid 
pointed ends, be adopted for sampling fertilizer (1, p. 20) (official, final 
action). 

(2) That par. 41 (a) and (b), p. 31, of the official potash method, be 
changed to provide for the use of factor weight by adding “or the factor 


* For report of Subcommittee A aud action by the Association, see This Journal , 27, 45 (1944). 
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weight 2.425 g” after “2.5 g” in the first and second lines, respectively, 
and that to 42 (a) there be added, “If the factor weight and a 50 ml 
aliquot (containing 0.485 g sample) are used, multiply weight by 40 to get 
per cent K 2 0” (official, final action). 

(3) That the official method for the determination of water-insoluble 
organic nitrogen in 34, p. 29 be deleted (final action) (10, p. 48). 

(4) That for section (b) of the official method for the determination of 
nitrate nitrogen (31, p. 28), the following directions be substituted, “(b) 
Determine water-insoluble organic nitrogen as directed under 35 but use 
2.5 g of the mixed fertilizer” (official, final action). 

(5) That the heading “Total Nigrogen,” preceding pars. 24, 25, 26, 
and 27 be changed to read, “Total Nitrogen in Mixed Fertilizers” (official, 
final action). 

(6) That the words “in mixed fertilizer” be added to the heading, “Ni¬ 
trate Nitrogen” preceding par. 31, p. 28 (official, final action). 

(7) That in line 6 of par. 60, p. 38, after the words “for unmixed ititrate 
salts,” the words “or for mixed fertilizers containing considerable nitrate 
nitrogen” be added (official, final action). 

(8) That the long volumetric method for the determination of copper, 
adopted as tentative in 1941, and published in This Journal , 24, 67, be 
adopted as official (final action). 

(9) That the method for the determination of citrate-insoluble phos¬ 
phoric acfid in non-acidulated samples other than basic slag (16 (b), p. 24) 
be changed to read as follows: 

Dicalcium phosphate. —Place 1 g of the sample on a 9 cm qualitative filter paper 
in a 250 ml Erlenmeyer flask and proceed as directed in 16 (a). (Official, final action) 
This Journal , 25, 314, also p. 49. 

(10) That the statement “(Not applicable to samples containing free 
ammonia or compounds other than water that are volatilized at the tem¬ 
perature of drying),” be added to the method for the determination of 
moisture by drying, 4, p. 20 (official, final action). 

(11) That to Chapter II, the following paragraph be added: “Graduated 
flasks .—The maximum diameter of graduated flasks at the capacity mark 
should not exceed the limits set by National Bureau of Standards (Circ. 9, 
1916), namely, 13 mm for 200 ml flasks, 15 mm for 250 ml flasks, or 18 mm 
for 500 ml flasks” (official, final action). 

(12) That in the official Devarda method (30, p. 27) the quantity 
“0.5 g” be changed to “0.35 or 0.5 g”; that the last paragraph be changed 
to read, “In the analysis of nitrate salts, dissolve 3.5 or 5.0 g in H 2 0, 
make up to 250 ml, and use 25 ml”; and that the same sentence be added 
to the ferrous sulfate-zinc-soda method for the same determination (29, 
p. 27) (official, final action). 

(13) That the following sentence be added to the method for the prepa- 
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ration of sodium or potassium hydroxide solution (10 (b), p. 22): “Burets 
in constant use are likely to become so corroded as to increase their 
capacity, and therefore should be tested at least once a year (official, final 
action). 

(14) That the following clarifying paragraph be added to the method 
for the determination of potash as 41 (e), p. 31: 

Nitrate of potash or nitrate of potash and soda .—If impure, proceed as directed 
in (a); if sufficiently pure, proceed as directed for potash salts (b), except to evapo¬ 
rate an aliquot to dryness in a porcelain dish with 2 ml of HC1 (if Pt dish is used, 
add H 2 SO 4 instead) and to take up with lf 2 0 and a few drops of 11 Cl, before adding 
the Pt soln (official, final action). 

(15) That Method III, Volumetric Modification of the Method for Acid - 
soluble Magnesium , 54, p. 36, adopted as official (first action), This Jour¬ 
nal, 24,47, be adopted as official, final action. 

The bismuthate volumetric method for manganese is more easily car¬ 
ried out and is preferred to the iodate method, and both methods are not 
needed, according to the report of the associate referee. The Referee 
therefore recommends: 

(16) That the bismuthate volumetric method for manganese, This 
Journal , 24, 69, adopted as official (first action), Ibid., 25, 49, be adopted 
as official, final action. 

(17) That the tentative volumetric periodate method for manganese, 
56, 57, p. 37, be deleted (final action). 

(18) That the volumetric method for manganese, 58, p. 37, adopted as 
official (first action), This Journal , 24, 47, and corrected editorially, Ibid., 
25, 49, 79, be adopted as official, final action. 

RECOMMENDATION FOR OFFICIAL ADOPTION, FIRST ACTION 

The associate referee reports that Method I for acid-soluble manganese 
is accurate but long, is probably seldom used, has practically been re¬ 
placed by Method II, and is no longer needed. The Referee therefore re¬ 
commends: 

(1) That Method I, official for acid-soluble magnesium, 52, p. 35, be 
deleted, but that such portions as are referred to in Method II, 53, p. 36, 
be incorporated in Method II when revised (official, first action). 

RECOMMENDATION FOR ADOPTION AS TENTATIVE 

That titration with a glass electrode be adopted as tentative in the meth¬ 
od for acid- and base-forming quality, as recommended by the associate 
referee, as follows: 

( 1 ) Proceed as directed in 60, p. 38, through the addition of 50 ml of water and 
30 ml of normal HC1 and digestion on a hot plate or steam bath for 1 hour. Cool to 
room temperature and without filtering titrate the solution in the 150 ml beaker 
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with 0.5 N NaOH to pH 4.3, using a glass electrode apparatus or other standard 
means of electrometric titration, and a continuous stirrer. Make the usual blank 
titration, using the glass electrode. Calculate results as directed in 60 (tentative, 
final action). 


EDITORIAL RECOMMENDATION 

(1) It is recommended that methods for the determination of phos¬ 
phoric acid in basic slag be included with the other methods for phosphoric 
acid in fertilizers, Methods of Analysis, A.O.A.C., 1940, instead of being 
separated by 14 pages. This can be done by making the following changes: 

Delete 61. Change heading of 3 to read “Mechanical analysis of bone, 
tankage, and basic slag.” Add to 3 the words: “With basic slag, use 10 g of 
material.” Delete 62 and 63. Add to 8: “With basic slag proceed as di¬ 
rected in 8 (b).” Delete 64 and add to 9 the words: “With basic slag (then 
add remainder of 64).” Delete 65, and add this paragraph to 12 as (c), 
preceded by the words, “In basic slag.” Place the material in 66, 67, 68 
immediately after 17 with the heading, “Citric Acid-soluble Phosphoric 
Acid in Basic Slag—Official.” 

RECOMMENDATIONS FOR FURTHER WORK 

(1) That the study of the determination of moisture be continued. 

(2) That the study of the official ammonium citrate method for deter¬ 
mining available P 2 0 6 in fertilizers be continued. 

(3) That work on the ferric sulfate and dipotassium phosphate method 
for nitrogen be discontinued and that the use of sodium phosphate of 
suitable pH be studied to ascertain whether it is better than magnesium 
oxide for ammoniacal nitrogen, 28, p. 27. 

(4) That methods for acid-soluble magnesium, magnesium activity, 
and acid-soluble manganese be further studied. 

(5) That work be continued on the method for acid- and base-forming 
qualities of fertilizer as recommended by the associate referee, including 
the method for eliminating basicity due to coarse material and the tem¬ 
perature of ignition. 

(6) That work on the details of the method for potash be continued, 
including the method for recovery of platinum. 

(7) That search for new methods for sulfur be continued and that the 
method for the determination of calcium be further studied. 

(8) That collaborative work be done on the volumetric method for total 
zinc in samples containing less than 0.1 per cent ( This Journal, 26, p. 67), 
with the object of substituting it for the colorimetric method. 



NOTE 

Precipitation of Dextrin in Honey* 

The following experimental work was conducted with samples of honey dew 
honey containing 14.9 per cent of moisture and of buckwheat honey, containing 20.7 
per cent of moisture (representing near-extremes in quantities of water involved), 
to determine the weight relationships between absolute alcohol, water, and sample 
charge existing in the mixture in which dextrin is precipitated according to the 
A.O.A.C. method for the determination of that constituent in honeys. 

Charges of 4.0165 grams of the honey dew honey and 7.7293 grams of the buck¬ 
wheat honey were weighed directly into tared, glass-stoppered, 100 ml. standard 
volumetric flasks; 4 ml. of distilled water was added to each charge, and the honeys 
were completely dissolved with slight warming. Absolute alcohol was added, a little 
at a time with vigorous mixing between additions, until each flask was Ailed to just 
under the mark. The stoppered flasks were then placed in the 20°C. room and left 
overnight. The next morning the volume was completed to exactly 100 ml. at 20°C., 
with absolute alcohol, f 

After the tightly stoppered flasks had been allowed to come near enough to room 
temperature to obviate condensation of atmospheric moisture on their surfaces, they 
were weighed. 

The following data were obtained: 



With Honey - 

With Buck¬ 


dew Honey 

wheat Honey 

Weight of honey (grams) 

4.0165 

7.7293 

Water in honey (grams) 

0.5985 

1.6000 

Water added (grams) 

3.9830 

3.9788 

Water, total present (grams) 

4.5815 

5.5788 

Abs. alcohol added (grams) 

74.3426 

72.3711 

Voi. of abs. alcohol at 20° added (ml.) 

94.183 

91.686 

Weight of total water-f alcohol (grams) 

Alcohol, by weight, in mixture of total water and 

78.9241 

77.9499 

alcohol (%) 

94.195 

92.84 

Density of this alcoholic soln at 20° 

0.8065 

0.8103 

Volume of this alcoholic soln at 20° (ml.) 

97.86 

96.20 

Alcohol, by volume, at 20° (%) 

96.24 

95.30 

Weight of honey dry-matter (grams) 

3.4180 

6.1293 

Volume occupied by 1ml, 

2.14 

3.80 

honey dry-matter Jml./g. 

0.626 

0.619 

Weight of added water -f-alcohol (grams) 

78.3256 

76.3499 

Alcohol, by weight, excluding total honey (%) 

94.915 

94.79 

Density of this alcoholic soln at 20° 

0.8045 

0.8048 

Volume of this alcoholic soln at 20° 

97.362 

94.865 

Apparent volume occupied by 1ml. 

2.638 

5.135 

charge of liquid honey jml./g. 

0.657 

0.664 


The results show that in the present A.O.A.C. method for determining dextrin in 


* By George P. Walton, Special Commodities Branch, Office of Distribution, War Food Administration, 
Washington, D. C. 

t 60 ml. of the same alcohol, at 20°C., weighed 39.446 grams. However, the weight of 0.78934 (gram/ml., 
for absolute alcohol at 20°C., given in Bureau of Standards Circular No. 19, ana also the density values 
given in Table 2 of the same oircular were used in this study. 

585 



586 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol XXVII , No. 4 


honey, the concentration of alcohol attained in the solution in which the dextrin is 
precipitated may vary from 95.30 to 96.24 per cent by volume, depending upon the 
weight of honey taken and its moisture content. 

About the same proportionate variation occurs in the figures for apparent vol¬ 
ume, in milliliters occupied per gram, by the charge of liquid honey. The actual var¬ 
iation, however, is only 0.007 ml. per gram, and the average value of 0.660 ml. per 
gram for the apparent volume occupied by the honey in the complete alcoholic mix¬ 
ture may be accepted as having general application in determining dextrin by the 
A.O.A.C. method. This suggests a means for calculating the quantity of absolute al¬ 
cohol that must be added to complete the total volume of the mixture to 100 ml. (as 
required by the method), without actually carrying out the determination in a 100 
ml. volumetric flask. 

This procedure would permit modification of the method by weighing out the 
honey directly into a convenient type of flask ( e.g ., a glass-stoppered Erlenmeyer), 
and controlling the requisite quantity of absolute alcohol to be added, either by 
weighing or by measuring the alcohol at 20°C.—an improvement in ease of opera¬ 
tion and in precision. 

To calculate the required quantity of absolute alcohol, a simple formula has been 
developed utilizing the data given in the table. Attention is directed especially to 
the figures for the weight of honey taken (“H”) and the “per cent of alcohol by 
weight excluding total honey.” This latter value varies only slightly in the two de¬ 
terminations, and the average value of 94.85 per cent alcohol by weight may be used 
for the general calculation without fear of introducing significant error. Necessarily, 
the quantity of water added as solvent for the honey must always be just 4 ml., as 
specified in the method. 

Alcohol of 94.85 per cent by weight at 20°C. has a density of 0.80466 (g./ml.), 
and it is equivalent to 96.691 per cent alcohol by volume. 

The other figure needed in the calculation is the average value of 0.66 ml. per 
gram, which represents the apparent volume occupied by the charge of honey and 
which was discussed previously. 

Development of the formula follows: 

Apparent volume occupied by honey **0.66 H (ml.) 

Volume of added water and alcohol = (100 —0.66 H) (ml.) 

But, as shown above, this added water and alcohol yield approximately 96.691 per 
cent alcohol, by volume, at 20 °C. 

Hence, 

Volume of absolute alcohol at 20° to be added =.96691 (100 —0.66II)ml. 

= 96.691 -0.63816 H(ml.); or 

Weight of absolute alcohol to be added = .78934 (96.691 —0.63816H) g 
= 76.3221-0.50373 H (g.) 

Note that if double quantities are being used throughout, and H is twice the 
weight that it would be if the total volume were to be 100 ml. instead of 200 ml., then 
the quantity of absolute alcohol to be used becomes 193.382—0.63816H (ml.), or 
152.6442—0.50373H (grams), not twice the right-hand member of the respective 
equation. 

After making a considerable number of calculations by the formulas and check¬ 
ing against various combinations of the tabulated data, the writer is convinced 
that they may be used to calculate the quantity of absolute alcohol to be added in 
precipitating dextrin by the A.O.A.C. method for its determination in honey without 
introducing significant error. 



BOOK REVIEWS 


A Source Book of Agricultural Chemistry. By Charles A. Browne. Chronica Bo- 
tanica Co., Waltham, Mass.; G. E. Stechert and Co., New York City, ix4-290 
pages, 32 illustrations, subject and author indices, sup. roy. oct. Price, paper 
cover, $5.00. 

This work presents in biographic form and in chronological order the recorded 
literature of 2000 years of agricultural chemistry. Quite naturally the text treats not 
only of the literature of agricultural chemistry itself but also of chemistry in its 
broader aspects. 

In a fine prefatory note the author states his purpose in undertaking the work 
and the reason for his choice of title. He points out that claims and statements of 
authors and eulogists (especially if not completely and critically read) are not al¬ 
ways a reliable source of information. For example, he cites certain exaggerated 
claims that have been made by some of the overly ardent biographers of Liebig, the 
outstanding figure in agricultural chemistry; such statements, for example, as “that 
Liebig . . . was the first to point out the necessity of mineral matter in the nutriment 
of plants, that he was the first to indicate the interrelationship of plant and animal 
life, and that he was the first to show that the heat of the animal body is the result 
of processes of combustion performed within the organism.” Careful inquiry shows 
that Liebig is not entitled to the full credit of such claims inasmuch as the statements 
quoted had long before been made by his predecessors. The quoted statement is but 
one of many grossly misleading assertions encountered by the author in his ex¬ 
haustive readings of the scientific literature pertaining to agricultural chemistry, and 
the correction of such false information was one of the incentives that led to the 
preparation of the present volume. 

An attractive feature of the present book is indicated in the following quotations 
from the preface: “IThe author] has preferred so far as possible to let these predeces¬ 
sors in selected passages give their own accounts of the work selected for description, 
with no attempts at modernization of language. 91 And again: “The author has at¬ 
tempted to give a balanced presentation of the stories of truth and error as they 
have developed side by side.” The reviewer feels that the record has been set 
straight, once and for all, and that the author has indeed given “a more accurate and 
complete account than has hitherto appeared, of the origins of agricultural chemis¬ 
try.” 

Dr. Browne is to be commended upon the thorough and erudite manner in which 
he has handled his subject. Step by step he unfolds the fascinating story of the prog¬ 
ress of agricultural chemical research, beginning with the Greek philosopher Thales 
(about 640 b.c.) and ending with Justus von Liebig and a review of his numerous 
works, including his immortal book “Organische Chemie in Ihrer Anwendung auf 
Agrikultur und Physiologic,” which was published in 1840. 

Much of the delight in reading this history comes from the wise decision of the 
author to let the 40 or more authors presented speak their own lines. These are 
woven together into a clear and delightful pattern by the author’s interspersed com¬ 
ment on the scientific importance of the various discoveries and advances in the light 
of the present day knowledge of agricultural chemistry. 

The reviewer cannot repress the desire to pay tribute to the keen sense of obser¬ 
vation and inductive reasoning that these early investigators possessed. An out¬ 
standing example is the clear conception of the nature of matter as announced by 
Democritus almost two thousand years before Dalton. This philosopher viewed mat¬ 
ter as consisting of exceedingly small indivisible particles. lie also conceived the idea 
of the indestructibility of matter, and that changes of matter are the result of disin¬ 
tegration in which older atomic combinations are transformed into new arrange- 
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ments. As Dr. Browne so aptly says: “The atomic conception of Demooritus is one 
of the greatest achievements of the human mind and had it met with immediate ac¬ 
ceptance the rise of modern chemistry might have been advanced two thousand 
years.” 

The book contains many fascinating cuts of original laboratory apparatus and 
reproductions of title pages of some of the outstanding publications, as well as a cut 
of Redi’s original table (1698) of his early determinations of the ash content of 
plants. 

Except for a few minor slips, such as “tabuates” for tabulates (p. 79), “Frankfurt 
am Oder” instead of Frankfurt an der Oder (p. 116), and the accidental upsetting of 
a line on page 266, the typographical appearance of the volume is excellent. Bibliog¬ 
raphies at the end of each section of the book and an addendum of works dealing 
with the later history of agricultural chemistry in the century 1840-1940, supply use¬ 
ful references to original source material. 

The reviewer feels no hesitancy in recommending this work to the entire chemi¬ 
cal profession, not only because of its solid historical value, but, too, because of the 
thorough and vivid manner in which it portrays the splendid scientific achievements 
of the pioneers of agricultural chemistry. The book fills a decided need, and the hope 
is expressed that the author in a later volume may extend his history of agricultural 
chemistry to the post-Liebig period.—B. G. Hartmann. 

Organic Chemistry. By Louis F. Fibber, Professor, Converse Memorial Laboratory, 

Harvard University, and Mart Fibber, his wife. D. C. Heath and Co., Boston, 

Mass. 1944. XII -f 1091 pp. Price, $8.00. College Edition, $6.00. 

In slightly more than 1000 pages the authors have presented a well-written, 
interesting, and comprehensive picture of the field of organic chemistry. To do 
that in this limited space, it was necessary to concentrate on the most important 
steps in the development of the subject matter, and with few exceptions this objec¬ 
tive has been accomplished. For the reader who wishes further details there are 
given, at the end of each chapter, references to up-to-date publications, where the 
particular subject has been treated more exhaustively. A few subjects of special 
interest have been dealt with more fully than the general pattern of the book would 
require, but this plan has added to rather than detracted from the value of the book, 
since it has been done in the separate chapters that appear at intervals throughout 
the book. Those interested in the volume only as a textbook may ignore these chap¬ 
ters without interrupting the continuity of the text, but those who wish a summary of 
up-to-the-minute developments in fields other than their own will find these chapters 
welcome nuggets of condensed information, as pleasing to encounter as nuts in a 
candy bar. Thus the reader, in a few minutes, may gain an insight into the latest 
developments on synthetic rubber, sulfa drugs, the vitamins, or any of the several 
other subjects treated in these special chapters. Because of the space taken up by 
these chapters in the trade edition, the college edition, while covering the same gen¬ 
eral subject matter is, we understand, abridged somewhat to give a smaller volume. 

A timely chapter on synthetic rubber presents a welcome vignette of a topic of 
keen personal interest to almost every present day reader. The chapter on dyestuffs 
is also well done in the presentation of a subject on which too little of a reliable na¬ 
ture has been written. 

In the treatment of the fundamental classes of organic compounds, biochemistry 
is stressed. This is as it should be, since this subject comprises a large field in organic 
chemistry. The part that important compounds play as by-products of, or partici¬ 
pants in, the metabolic processes of living organisms is revealed and emphasized, and 
the effect produced increases the reader’s interest by lending reality and practical 
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importance to the compounds so discussed. Fundamental and characteristic reac¬ 
tions are given for each class of compounds, both those by which the compound may 
be synthesized and those into which it enters, and the part that each class plays in 
reactions of the Friedel and Craft type and of the Grignard procedure is particularly 
emphasized. The yields, kinds of catalysts, and other conditions of each reaction are 
also set forth in most cases. Where pertinent, interesting bits of historical back¬ 
ground have been added in a paragraph or two, which sometimes give a revealing 
glimpse of the influence which economic and political forces have exerted on the evo¬ 
lution of the science of organic chemistry, and they also often impress one with the 
caliber of the men who have advanced our knowledge in this field, and their capacity 
for sound, incisive thinking. 

Adverse comment might justly be directed at the somewhat undue amount of 
space given to speculation over the mechanics of certain reactions. When such specu¬ 
lation invokes the invention of a plausible intermediate compound to bridge the gap 
between starting material and end product it seems unwarranted in a book of this 
scope to give more than a passing comment; otherwise the discussion tends to be¬ 
come abstract and the reader’s interest wanes. 

The authors have used several devices, such as new prefixes, which while effective 
add more variants to an already complex nomenclature, in which every effort should 
be made for conformity and uniformity. 

The errors of composition are few and unimportant, and they do not detract 
from the-value of the book, which on the whole is an accurate, concisely composed 
exposition of our present knowledge of organic chemistry. The book should prove a 
valuable addition to the organic chemist's library.—L. M. Beacham. 
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upon which condensed buttermilk is sold, it was decided to begin at this 
point in attacking the problem. 

Except for the already established methods of the A.O.A.C. for solids 
determination on milk products, very little information was to be had from 
a literature search. However, two points were established: (1) On drying 
of buttermilk products, a charring of the sample is noted; (2) Lactic acid 
of buttermilk products decomposes when heated. A note by J. W. E. 
Harrisson appearing in This Journal , 18, 645 (1935) recommends the use 
of an agent such as zinc oxide to prevent loss of lactic acid and any unfav¬ 
orable action it might have on milk solids when drying. 

Consequently, collaborators, who had shown their willingness to co¬ 
operate in a gratifying manner, were sent a semi-solid buttermilk sample 
with following instructions: 

(A) Determine acidity of sample. 

(B) Determine solids at 100°C. under vacuum. (A.O.A.C. method). Determine 
acidity of dried sample. 

(C) Determine solids at 100°C. without vacuum. Determine acidity of dried 
sample. 

(D) Determine solids at 70°C. with vacuum. Determine acidity of dried sample. 

(E) Determine solids at 70°C. without vacuum. Determine acidity of dried 
sample. 

(F) Determine solids by toluene distillation method. 

The collaborators were further asked to repeat the above determina¬ 
tions, this time adding 2 grams of recently ignited zinc oxide, 5 ml of 
water, and mixing thoroughly. Results are shown in Table 1 under B(3), 
C(3), D(3), and E(3). 

List of collaborators: 

(1) Wm. L. Hunter and Van P. Entevistle, California 

(2) Harry J. Fisher and Owen L. Nolan, Connecticut 

(3) P. B. Curtis and A. E. Rihn, Indiana 

(4) L. E. Bopst and H. R. Walls, Maryland 

(5) Rodney C. Berry and Jas. A. Johnson, Virginia 

(6) W. C. Geagley and Percy O’Meara, Michigan 

(7) Howard Hammond, North Dakota 

(8) Guy G. Frary and E. H. Zilliox, South Dakota 

(9) J. F. Fudge and T. L. Ogier, Texas 

(10) L. S. Walker, Vermont 

(11) J. W. Kuzmeski and C. Tyson Smith, Massachusetts 

COMMENTS OF COLLABORATORS 

(1) Samples on drying darkened from light brown to black. Zinc oxide plus 
water addition shortened time to come to constant weight. Spattering 
noted when applying vacuum. 

(3) Residue very dark and difficult to dissolve after drying at 100°C., but the 
ZnO residue is white. Residue is unchanged after drying at 70°C. 

(5) In titration of charred samples end point is difficult to determine. 14 to 31 
hours needed for drying at 70°C. 
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(8) ZnO samples spattered* Thirty minutes on steam bath before placing in 
oven prevented this. ZnO seemed to prevent charring. 

(9) Residues brittle and almost black; difficult to read end point. 

(10) Trouble reading indicator end point. Required 22 hours to reach constant 
weight at 70°C. 

(11) It seems impractical to dry the type of material submitted to constant 
weight in the usually accepted sense of the term by any of the methods used 
to obtain the results reported. 

Results and comments of the collaborators verify sample charring and 
lactic acid loss on drying of buttermilk products. However, this is elimi¬ 
nated somewhat at the lower temperature. Length of time required would 
be a definite disadvantage to the use of the lower temperature (70°C). 
The use of zinc oxide seems to aid the situation, indicating that the neu¬ 
tralization of the lactic acid tends to prevent the charring. Use of vacuum 
minimizes the lactic acid loss, as does also the use of the lower drying 
temperature. Three collaborators made the acidity test on the zinc oxide 
dried samples and their results, shown in Table 2, indicate that the lactic 
acid was not neutralized by the zinc oxide. 


Table 2.— Per cent lactic acid in ZnO dried samples 


CHXlilST 

b(4) 

C(4) 

D(4) 

®(4) 

8 

3.80 

3.59 

2.59 

2.31 

5 

4.20 

4.50 

3.90 

2.90 

9 

3.57 

3.60 

3.16 

3.57 

Ave. 

3.86 

3.87 

3.22 

2.93 


If the loss in lactic acid is added to the total solids content in the 
vacuum and air dried samples the results in the case of 100°C. drying 
would be 28.91 per cent and 28.88 per cent, respectively; while in the case 
of 70°C. drying they would be 30.14 per cent and 29.91 per cent. 

Considering the type of sample used the results of the solids content 
determinations are in good agreement. However, because of the charring, 
indicating an oxidation possibility, and the incomplete neutralization of 
the lactic acid in the zinc oxide experiment, further work on this problem 
is contemplated. 

The sampling procedure now most frequently used is shaking of barrel 
or container, or the use of a wooden paddle in agitating the product and 
then taking a sample when the material is believed to be uniform. Another 
method is to use a special tool which draws a core, about three-fourths of 
an inch in diameter, from top to bottom of container. This tool is con¬ 
structed especially for liquids and semisolid products. Samples drawn by 
these methods will be used in further collaborative work. 

It is recommended* that collaborative work on the sampling and 
analysis of condensed buttermilk be continued. 

* For report of Subcommittee A and action of the Association, see This Journal, 30,41 (1047). 







CONTRIBUTED PAPERS 

THE DETERMINATION OF MOISTURE IN FERTILIZERS 1 

By William H. Ross 2 and Katharine S. Love (Division of Fertilizer and 
Agricultural Lime, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Agricultural Research Administration, U. S. Department 
of Agriculture, Beltsville, Maryland) 

The present official method for the determination of moisture in fertili¬ 
zers was adopted by this Association at its second annual meeting in 1885 
(4). The method consists in drying the sample at a temperature of 98°- 
100°C. for a period of 5 hours. The loss in weight includes free moisture, 
occasional volatile decomposition products from constituents of the 
sample, and usually more or less water of crystallization from monocal¬ 
cium phosphate and other hydrated constituents. Inasmuch as all super¬ 
phosphates and mixed fertilizers of the ordinary type contain some water 
of crystallization or hydration, and since many mixed fertilizers also con¬ 
tain easily decomposable materials, it must follow that this method can¬ 
not be depended upon to give accurate results for free moisture in all 
types of materials and mixtures. 

At the 1931 meeting of the Association a second procedure was recom¬ 
mended for adoption as a tentative method (6) for the determination of 
moisture in fertilizers. This method consists in subjecting the sample to 
distillation with toluene for a period of 1-10 hours depending on the na¬ 
ture of the material being analyzed. The boiling point of toluene is 
110.8°C. This temperature is still higher than that recommended by the 
official method and thus this method is also capable of liberating volatile 
reaction products and water of hydration from the sample. This tentative 
method is, therefore, likewise unsuited for the determination of free 
moisture in mixed fertilizers and many fertilizer materials. 

A recommendation was accordingly adopted at the 1940 meeting of this 
Association that the Associate Referee on phosphoric acid make a study of 
the methods for the determination of moisture in fertilizers. As a prelimi¬ 
nary to this study, Whittaker and Ross (7) in 1941 reviewed the various 
methods that were then in use or had been proposed for the determination 
of moisture. The view was expressed that the problem of determining free 
moisture in fertilizers could be solved by drawing heated air through the 
sample at a constant temperature of 60°C. At this temperature there is 
little or no decomposition of hydrated salts that commonly occur in 
mixed fertilizers and the decomposition or oxidation reactions that cause 
so much trouble in present methods are reduced. The equipment designed 
for this rapid removal of moisture at a relatively low temperature is de- 

1 Presented at the annual meeting of the Association of Official Agricultural Chemists, at the Thursday 
morning session, October 26,1044. 

•Deoeased. 
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Table 1 . —Ammonium nitrate samples 
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Added 

Original 

Absorbed 

« 

Original 

« 

! 

None 

0.5% WP*+3.5% Kittitas 
None 

a 

1% PRP«+4% Celite 

None 

U 

TTPX or 

GBANULB8 

Sprayed 

« 

« 

Grained 

u 

Crystallized 

u 

\ 

SOURCE 

Alberta Nitrogen Products, Ltd. 

U a U u 

Welland Chemical Works 

Tennessee Valley Authority 

u u u 

Military Chemical Works 

u u a 

B AMPLE 

NO. 

ANPL #1 
ANPL #2 
WCW #3 
TVA #4 
TVA #5 
MCW #6 
MCW f7 
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scribed by Hardesty, Whittaker, and Ross elsewhere in this issue under 
the title of “The Air-flow Method for the Determination of Moisture in 
Fertilizers.” (2). 

During the past few years solid ammonium nitrate has become an impor¬ 
tant source of fertilizer nitrogen. Since small amounts of moisture have a 
profound effect on its physical condition, an accurate method of deter¬ 
mining its moisture content is essential to the improvement and control of 
the mechanical condition of this material. Ammonium nitrate undergoes 
slow decomposition at 100°C. and it is desirable to know the adaptability 
of the official methods and other procedures for determining its moisture 
content. 

With the view to finding a suitable method for this determination a set 
of ammonium nitrate samples was prepared and submitted to a number of 
laboratories accustomed to making moisture determinations in this 
material. The samples were accompanied with the request that they be 
analyzed for moisture by such methods as were considered to be best 
suited for ammonium nitrate. 

The samples prepared for this collaborative study are given in Table 1. 
Sample ANPL #1 was selected from a commercial shipment that had been 
stored in a dry place. Sample ANPL #2 was also selected from a com¬ 
mercial shipment but its moisture content was increased by spraying it 
with water while being rolled in a rotating drum. Samples TVA #4 and 
TVA #5 were taken from commercial shipments that had been stored in 
bags for a period of three months at 55°F. and a relative humidity of 80 
per cent. Sample WCW #3 was collected at the plant before it was dried 
to the point desired for shipment. Samples MCW #6 and MCW #7 were 
prepared on a pilot plant scale. The former was dried as completely as was 
considered practical under commercial conditions. Sample MCW #7 was 
represented as being only partially dried. The moisture in Samples 
ANPL #1 and ANPL #2 and in Samples TVA #4 and TVA #5 includes 
that which had been taken up by the samples subsequent to thorough 
drying at the factory. The moisture in Sample WCW #3 and in Samples 
MCW #6 and #7, on the other hand, represents original moisture that had 
not been eliminated by drying. 

The methods used by the collaborators for the determination of mois¬ 
ture in the samples and the results obtained are shown in Table 2. The 
results as a whole show good agreement considering the hygroscopic na¬ 
ture of the samples submitted for analysis. Good results were obtained 
with the Fischer method which consists of solvent-extraction of moisture 
from the sample and determination of the amount of moisture in the 
solvent by means of Karl Fischer Reagent (1, 5). This method is rapid 
and seems to be quite well adapted for the determination of moisture in 
ammonium nitrate. It, however, gives water of crystallization as well as 
free moisture when both are present and it is, therefore, not suited for the 



Table 2. —Moisture in ammonium nitrate samples 
Percentages 
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determination of free moisture in superphosphate and mixed fertilizers. 
The other methods used by the collaborators included ordinary oven dry¬ 
ing at temperatures of 100°C. or below, and drying by the air-flow method 
for varying lengths of time and at different temperatures. 

The rate at which ammonium nitrate undergoes drying by these two 
methods and by the method of drying at room temperature in a vacuum 
over “Anhydrone”* is shown by the data in Table 3. The results in the 
table indicate that drawing air at 70°C. through the sample for 3 hours by 
air-flow method is equivalent to 18-24 hours drying in a static air oven at 


Table 3. —Rates at which samples of ammonium nitrate decrease in weight 
on drying by different methods 



PUB CUNT LOBS IN WEIGHT Of SAMPLE 









DftTllVG, 




MCW 











#2 

MM 



#6 

#7 



In Air Oven at 70°C. 




6 

0.07 

2.83 

0.66 

0.66 

0.71 

0.05 

0.48 

12 

0.08 

2.88 

0.72 

0.73 

0.76 

0.08 

0.59 

18 

0.08 

2.90 

0.74 

0.75 

0.78 

0.08 

0.65 

24 

0.05 

2.88 

0.74 

0.75 

0.77 

0.06 

0.67 

30 

0.08 

2.92 

0.76 

0.78 

0.80 

0.09 

0.68 


In Vacuum over Anhydrone at Room Temperature 


6 

0.00 

2.79 

0.36 

0.65 

0.70 

0.00 

0.28 

12 

0.00 

2.80 

0.36 

0.69 

0.74 

0.00 

0.28 

18 

0.01 

2.82 

0.38 

0.70 

0.75 

0.01 

0.28 

24 

0.01 

2.85 

0.40 

0.73 

0.79 

0.02 

0.29 

30 

0.01 

2.85 

0.39 

0.73 

0.79 

0.02 

0.29 



Air-flow at 70°C. 




1 


2.82 

0.58 

0.73 

0.68 

0.03 

0.41 

2 


2.87 

0.72 

0.77 

0.74 

0.07 

0.57 

3 


2.90 

0.82 

0.81 

0.79 

0.09 

0.71 

4 


2.90 

0.85 

0.81 

0.79 

0.10 

0.75 

5 


2.93 

0.89 

0.83 

0.85 

0.12 

0.78 


the same temperature. The air-flow method thus has the advantage of 
being more rapid than the method of drying in an air oven and it is, 
therefore, better adapted for use in control work. The table further shows 
that samples, such as ANPL #2, TVA #4 and TVA #5, which contained 
only added or absorbed moisture, can be dried in a vacuum over Anhy- 
drone at. room temperature, but that this method of drying does not 
eliminate within a period of 30 hours all the original or occluded moisture 
in such samples as WCW #3 and MCW #7. 


* Commercial name for anhydrous magnesium perchlorate. 
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OTHER FERTILIZER MATERIALS 

The results obtained in a comparison of the official method, the vacuum- 
drying method and the air-flow method for the determination of moisture 
in other fertilizer materials are shown in Table 4. The three methods give 
essentially the same results for the stable materials, ammonium sulfate 
and potassium chloride. The higher values obtained by the official method 
on the other materials listed in Table 4 are attributable to a number of 
factors (a) decomposition of the compound such as may occur slowly with 
ammonium nitrate at 100°C., (b) loss of water of crystallization such as 


Table 4. —Moisture in fertilizer materials as determined by different methods 

Percentages 


TUB or 

DRYING 

MONO* 

CALCIUM 

PHOSPHATE 

MONO* 

HYDRATE 1 

MONO¬ 

CALCIUM 

PHOSPHATE 

MONO* 

HYDRATE* 

DICALCIUM 

PHOBPHATX 

DIHYDRATB 

SUPER¬ 

PHOSPHATE 

DOUBLE 

SUPER¬ 

PHOSPHATE 

AMMONIUM 

SULFATE 

POTASSIUM 

CHLORIDE 

AMMONIUM 

NITRATE 




Official Method 




3 

0.10 

0.95 

2.99 

8.55 

4.03 

— 

0.05 

0.17 

5 

0.09 

1.15 

16.16 

8.61 

4.05 

1.78 

0.05 

0.30 

7 

0.13 

1.27 

17.95 

8.66 

4.18 

— 

0.06 

0.40 


In Vacuum over Anhydrone at Room Temperature 


16 

0.00 

0.56 

0.00 

8.30 

3.08 

— 

0.00 

0.00 

21 

0.00 

0.58 

0.00 

8.33 

3.09 

1.80 

0.00 

0.00 

26 

0.00 

0.58 

0.32 

8.41 

3.14 

— 

0.00 

0.00 




Air-flow Method at 60°C. 




1 

0.03 

0.32 

0.02 

7.25 

2.60 

— 

0.01 

0.14 

2 

0.02 

0.33 

0.02 

7.42 

2.76 

1.72 

0.00 

0.23 

3 

0.03 

0.33 

0.04 

7.39 

2.75 

— 

0.01 

0.32 


* Washed with acetone. 

* Contains slight amount of free acid. 


may occur at 100°C. with C. P. monocalcium phosphate, dicalcium phos¬ 
phate, or the superphosphates used in these tests, and (c) the vapor 
pressure of the liquid phase of monocalcium phosphate and the super¬ 
phosphates containing free phosphoric acid is higher at 100°C. than at 
lower temperatures, which may account in part for the higher values ob¬ 
tained at 100°C. 

The results in Table 4 also indicate that drying in vacuum over Anhy- 
drone does not remove occluded moisture from ammonium nitrate. On the 
other hand, it gives higher results for moisture in dicalcium phosphate 
dihydrate after 26 hours in the desiccator than those obtained by the air¬ 
flow method. As compared with the air-flow method it also has a tendency 
to give considerably higher results for materials containing free phosphoric 







1947 ] ROSS AND love: determination of moisture in fertilizers 623 

acid, namely, the unwashed monocalcium phosphate monohydrate and 
the superphosphates used in these tests. 

CONCLUSIONS 

Under the conditions of these tests the following conclusions would 
seem valid for the materials and methods studied. 

1. The official method usually gives higher results for moisture in 
fertilizer materials containing water of hydration than either of the 
other two methods. 

2. The air-flow method gives lower results for moisture in materials 
that tend to lose water of hydration in vacuum over Anhydrone than 
either the official or the vacuum-drying methods. 

3. The presence of free acid, as observed by Hill and Jacob (3), in¬ 
creases the rate at which monocalcium phosphate monohydrate loses 
water of hydration when dried as directed in the official method. 

4. The air-flow method gives higher results than the vacuum-drying 
method for moisture in a material such as ammonium nitrate which con¬ 
tains occluded water. 

6. Although ammonium nitrate is known to undergo decomposition at 
100°C, the rate of decomposition is too slow to seriously interfere with the 
determination of moisture in this material by the official method. 

6. All three methods give essentially the same results for moisture in 
stable materials that do not contain occluded water or water of crystal¬ 
lization. 

7. One or two hours’ drying by the air-flow method at 60°C. would seem 
to suffice for the determination of moisture in all samples used in the tests 
with the possible exception of crystalline ammonium nitrate containing 
occluded water. 

8. The official method is not adapted to the determination of free 
moisture in the presence of easily oxidizable organic materials, as observed 
by Hardesty, Whittaker, and Ross in the accompanying paper (2), since 
a temperature of 100°C. may cause decomposition and loss in weight of 
the sample other than that representing the free-moisture content. 
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FACTORS AFFECTING THE AVAILABILITY OF 
AMMONIATED SUPERPHOSPHATES. PART II. 

THE EFFICIENCY OF AMMONIATED SUPERPHOSPHATES AS 
INDICATED BY POT TESTS IN THE GREENHOUSE* 

By William H. Ross,* J. Richard Adams,* John 0. Hardesty, 
and Colin W. Whittaker 4 


Superphosphates that have been ammoniated differ from those of the 
ordinaiy type in that they contain a higher proportion of phosphatic 
components soluble in neutral ammonium citrate solution. Inasmuch as 
the availability of a phosphatic material as determined by the official 
method depends on its solubility in neutral ammonium citrate solution, 
it would be expected, and has actually been found by analysis, that the 
method indicates a higher availability for the PsO* in a mixture containing 
a low proportion of an ammoniated superphosphate than in one containing 
a high proportion of the same material. This failure to indicate a constant 
availability for a given material is a serious defect in the official method. 
In compliance with a recommendation that was adopted by the Associa¬ 
tion in 1942, a further study was undertaken of (a) the factors that affect 
the chemical availability of the PjOj in ammoniated mixtures; and (b) 
the manner in which the same factors affect the efficiency of an am¬ 
moniated superphosphate in promoting crop growth. 

The results of the study of the factors affecting the chemical availability 
of ammoniated mixtures, namely: (a) degree of ammoniation, (b) storage 
temperature following ammoniation, (c) moisture content, (d) presence 
of dolomite, and (e) presence of fluorides, were presented in Part I of this 
report (2). The present paper presents results of a collaborative study 
dealing with the effects of the foregoing factors on the efficiency of am¬ 
moniated mixtures in promoting crop growth in the greenhouse, and is a 
continuation of the work recommended by the Association in 1942. 


PROCEDURE 


The fertilizer used in these tests consisted of 5-6-8 grade prepared from 
4-12-4 ammoniated base after 36 days storage of the base at temperatures 
of 20, 60, and 90°C. The dolomite, when present during ammoniation and 
storage, was added at the rate of 250 pounds per ton of the 4-12-4 base 
mixture prior to ammoniation. All of the 5-6-8 mixtures and the 5-0-8 
check mixture, as applied to the soil, contained 303 pounds of dolomite 
per ton regardless of the dolomite status of the 4-12-4 base mixture. There- 


1 Contribution from the Division of Fertiliser, andv Agricultural Lime Bureau of Plant Industry, Soils* 
and Agricultural Engineering, Agricultural Researoh Administration, U. S. Department of Agriculture, 
BelteviJle, Md. 

* Deoeased. 

* Present address, Spenoer Chemical Company, Kansas City^Mo. _ . . 

4 In collaboration with W. B. Andrews, Mississippi Agr. Experiment Station, R. P. Bartholomew, 
Arkansas Agr. Experiment Station, W. R. Paden, South Carolina Agri Experiment Station, Q. W. Volk, 
Alabama Polytechnic Institute. 
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fore, in this paper, the references to the presence or absence of dolomite 
refer to the 4-12-4 base mixture during ammoniation and storage. The 
relationships of the results reported might be quite different if dolomite 
were not present in all of the 5-6-8 mixtures. The dolomite used had a 
fineness of 90% through a standard 100 mesh screen. The aqua ammonia 
added was varied to give ammoniated mixtures containing 9 per cent 
moisture and 0, 2, 3, 4, and 5 parts of ammonia per 100 parts of am¬ 
moniated superphosphate on the basis of 20 per cent available P 2 O 6 in 
the superphosphate used. Anhydrous ammonia was used to ammoniate 
mixtures that were formulated to contain only 3 per cent moisture. 

Nitrogen in the completed mixtures was supplied mainly as ammonium 
sulfate and sodium nitrate, the same amounts of these materials being 
used in all cases. Because, however, of the variable amount of nitrogen in 
the form of ammoniated superphosphate it was necessary to adjust the 
total amount of nitrogen in order to have the same percentages of nitrogen 
present in all mixtures. This was done by adding the required amounts of 
urea. Potash was supplied as high grade potassium chloride. 

The test crops included millet, wheat, Sudan grass, and sorghum. The 
fertilizer was applied to the millet and wheat crops by mixing the required 
amount with 5 per cent of the soil in the pot and depositing this mixture 
in a horizontal layer halfway between the bottom and top of the pot. With 
the Sudan grass and sorghum the fertilizer was located in a circular area 
about 3 inches in diameter and 1.5 inches from the top of the soil. The 
seed were planted in a ring 5 inches in diameter concentric with the 
fertilized area. Both methods of placement were used with sorghum on the 
Atwood fine sandy loam. 

Four different brands of superphosphate were compared in the tests. 
Three (A, B, and C) were made from Florida pebble and one (D) from 
Tennessee brown rock phosphate. Superphosphate A was used in most of 
the tests. The average yields obtained in the pot tests (with isolated ex¬ 
ceptions) indicated no significant difference, either before or after am¬ 
moniation, in the availability to plants of the P 2 0 6 in these superphos¬ 
phates from different sources. Other superphosphates used in the tests of 
the effect of fluorine will be described later. 

Seven different acid soils (pH range 4.6 to 5.9) at 5 locations, and an 
alkaline soil, the Houston clay (pH 8.2) at one of the locations, were used 
in the study. The conditions under which the tests were made with the 
different soils and crops, and the mean yields obtained in the non- 
ammoniated and no-phosphorus check pots, are given in Table 1. These 
phosphorus deficient soils were chosen to afford accurate measurement of 
small differences in the efficiency of the phosphates. The relative efficiency 
of applied phosphates may be affected by the level of available phos¬ 
phorus in the soil. If that be the case, the data secured on these soils may 



Table 1. —Conditions of pot experiments 
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Houston clay 8.2 15.0 60 Sorghum 58 8 21.7 15.7 
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not be readily interpretable in terms of soils higher in available phos¬ 
phorus. 

Average yields and differences required for significance are given in the 
Appendix, Sections 1 and 2. To facilitate discussion the data have been 
computed to relative yield increases and are used in that form in the 
tables in the body of the paper. 

DEGREE OF AMMONIATION 

The effect of degree of ammoniation on the availability to plants of the 
PaO# in ammoniated superphosphate mixtures is indicated by the results 
in Table 2. This table shows the average relative increase in yield of 
millet, wheat, Sudan grass, and sorghum when fertilized with superphos¬ 
phate mixtures that have been ammoniated to 0, 2, 3, 4, and 5 per cent on 


Table 2. —Effect of degree of ammoniation on the availability to plants of 
the PiOt in ammoniated superphosphate mixtures. Dolomite present; 
moisture 9 per cent; temperature of storage 20°C. 


TEST 

mixture 

degree or ammoniation: 

NHi ADDED ON BASIS Of 

SUPERPHOSPHATE IN 

MIXTURE 

AVERAGE RELATIVE 

INCREASE IN YIELD 1 

No. 

Per cent 

Per cent 

1 

0 

100 

2 

2 

100 

3 

3 

88 

4 

4 

82 

5 

5 

65 


1 On the basis of 100 as the average relative increase for the non-ammonia ted mixture. 


the basis of the superphosphate in the mixture. The results show that a 2 
per cent ammoniated superphosphate mixture is as available to plants as a 
non-ammoniated mixture but that the efficiency of the ammoniated super¬ 
phosphate decreases as the degree of ammoniation is increased to and 
beyond 3 per cent. 

TEMPERATURE OF STORAGE 

The samples that were ammoniated from 2 to 5 per cent were stored at 
temperatures of 20°, 60°, and 90°C. for 36 days. The results in Table 3 
show the average relative increases in yield obtained in pot tests with the 
mixtures stored at different temperatures. The data in the table are con¬ 
sistent in showing that the availability to plants of the P 2 O 6 in mixtures 
containing dolomite decreases, not only with increase in the rate of am¬ 
moniation but also with increase in the temperature at which the samples 
are stored following ammoniation. The data further show that the effect 
of temperature in the range 60°-90°C. is more pronounced for the lightly 
than for the heavily ammoniated mixtures. 
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Table S.— Effect of temperature of storage on the availability to plants of 
the P%O h in ammoniated superphosphate mixtures, dolomite 
present; moisture 9 per cent 


tist 

MXXTURB 

osoasi or ahmoniation: 

NHi ADD1D OK BASIS Of 
BUPBRPBOBPHATB IK 

MIXTtTBB 

STOEAOB 

TBUPIRATURS 

AVRRACUO RBLATXYB 
IKCBBASB 1 

No. 

Ptr cent 

•c. 

Per cent 

2 

2 

20 

100 

3 

3 

20 

88 

4 

4 

20 

82 

5 

5 

20 

65 

6 

2 

60 

93 

7 

3 

60 

68 

8 

4 

60 

62 

9 

5 

60 

55 

10 

2 

90 

76 

11 

3 

90 

59 

12 

4 

90 

53 

13 

5 

90 

53 


1 On the basis of 100 as the average relative increase for the non-ammoniated mixture. 


EFFECT OF MOISTURE 

The effect of the moisture content of an ammoniated superphosphate 
mixture on the availability of its P 20 * to plants is shown by the data in 
Table 4. The samples used in this series of tests were all ammoniated to 6 
per cent on the basis of the superphosphate in the sample. The average 
results reported by all the collaborators were consistent in showing that 
the P 2 O 5 in samples ammoniated at a moisture content of only 3 per cent 
is somewhat more available to plants than that in samples that were am- 


Table 4.— Effect of moisture on the availability to plants of the PtO% in 
ammoniated superphosphate mixtures. Degree of ammoniation, 

6 per cent; dolomite present 


TBST 

MIXTUBB 

MOISTUBX 

TXUFB&ATtJ&B 

OF STORAGS 

AVRRAGB RRLATIVR 

XKCRSASB IK YIBLD 1 

No. 

Percent 

•c. 

Percent 

14 

3 

20 

78 

5 

9 

20 

65 

15 

3 

60 

66 

9 

9 

60 

55 

16 

3 

90 

75 

13 

9 

90 

53 


1 On the basis of 100 as the average relative increase for the non-a m m o niated mixture. 


moniated at a moisture content of 9 per cent, and that the effect of the 
moisture was most pronounced at the highest temperature, 90°G. 
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EFFECT OF DOLOMITE 

The effect of the presence of dolomite during ammoniation and storage 
on the availability to plants of the P 2 O 6 in ammoniated mixtures was 
determined by pot tests with two sets of samples. The values in Table 5 
indicate that dolomite tends to reduce the availability of P 2 O 5 to a con¬ 
siderable extent in the mixtures stored at 60 and 90°C. and to a lesser ex¬ 
tent in those stored at 20°C. The greater proportion of the results, how¬ 
ever, showed the presence of dolomite to have no significant effect on the 
availability to plants of the P 2 O 6 in the samples stored at 20°C. Two series 
of tests, those with millet and sorghum, produced such drastic differences 
in results between the samples containing dolomite and those not contain- 


Table 5. —Effect of the presence of dolomite during ammoniation and storage on the 
availability to plants of the P 2 0# in ammoniated superphosphate mixtures . 
Degree of ammoniation , 5 per cent; moisture 9 per cent 


TEST 

MIXTURE 

DOLOMITE 

TEMPERATURE 

OF BTORAOE 

AVERAGE RELATIVE 

INCREASE IN TIELD 1 

No. 


•c. 

Per cent 

17 

Absent 

20 

75 

5 

Present 

20 

65 

18 

Absent 

60 

76 

9 

Present 

60 

55 

19 

Absent 

90 

72 

13 

Present 

90 

53 


1 On the basis of 100 as the average relative increase for the non-ammoniated mixture. 


ing it, that the average of all results shows some reduction in availability 
of the samples containing dolomite when stored at 20°C. Table 5 also 
shows, that in mixtures without dolomite, the temperature of storage has 
little or no influence on the availability of P 2 O 6 to plants. 

EFFECT OF FLUORINE 

The three superphosphates used in the preparation of the samples for 
this series of tests were prepared in the laboratory. One was a synthetic 
superphosphate consisting of a mixture containing one mol of C.P. mono¬ 
calcium phosphate to each 2 mols of calcium sulfate, with sufficient filler 
to reduce the P2O5 content to 20 per cent. Three sets of 3 samples each 
were prepared from the synthetic superphosphate. One set contained no 
fluorine; another contained fluorine as calcium fluoride; and the third con¬ 
tained fluorine as sodium fluoride, the fluorine added in each case being 
equivalent to 10 per cent of the P 2 O 6 present. The second superphosphate 
was prepared from Tennessee phosphate rock containing 3.22 per cent 
fluorine, and the third from the same rock after it had been defluorinated. 

One sample of each set (not ammoniated) was stored at 20°C.; a second 
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was ammoniated to 5 per cent and stored at 20°C.; and the third was am- 
moniated to the same degree and stored at 60°C. 

The values shown in Table 6 indicate that the presence of added soluble 
fluorides has, on the average, little effect on the availability to plants of the 
PaOs in either the ammoniated or non-ammoniated mixtures containing 
synthetic superphosphate, but that some effect is apparent when the 
fluorine is present as superphosphate from Tennessee rock. Bartholomew 
(1) observed that soluble fluorine compounds added to the soil did not 


Table 6 . —Effect of the presence of fluorine during ammoniaiion and storage on the 
availability to plants of the P*O t in ammoniated superphosphate 
mixtures. Dolomite absent ; moisture 9 per cent 


TEST 

MIXTURE 

FLUORINE 

DBGRXS or ammoniation: 

NH» ADDED ON BASIS OV 
SUPERPHOSPHATE 

IN MIXTURE 

TEMPERATURE 

OF STORAGE 

AV. RELATIVE 

INCREASE IN 

YIELD* 

No. 


Per cent 

•c. 

Per cent 


i Synthetic Superphosphate 



26 

Absent 

0 

20 

100 

27 

Absent 

5 

20 

75 

28 

Absent 

5 

60 

80 

29 

Present as CaF t 

0 

20 

100 

30 

Present as CaF* 

5 

20 

94 

31 

Present as CaF* 

5 

60 

71 

32 

Present as NaF 

0 

20 

100 

33 

Present as NaF 

5 

20 

89 

34 

Present as NaF 

5 

60 

77 


Superphosphate from Tennessee Rock ! 


35 

Present 

0 

20 

103 

36 

Present 

5 

20 

63 

37 

Present 

5 

60 

59 


Superphosphate from Defluorinated Tenn. Rock 


38 

Absent 

0 

20 

100 

39 

Absent 

5 

20 

83 

40 

Absent 

5 

60 

82 


1 On the basis (test mixtures 26-34) of 100 as the average relative increase for the non-ammoniated 
synthetic superphosphate mixture and of 100 (test mixtures 36-40) as the average relative increase for the 
non-ammoniated superphosphate made from defluorinated Tennessee rock (No. 38). 


affect the availability of phosphorus in the soil or that added as mono¬ 
calcium phosphate, but the presence of fluorine in naturally occurring 
phosphate rock greatly influenced the availability of their phosphorus to 
plants. Maclntire and coworkers (6) observed that no toxic effect on plant 
growth was caused “by the component fluorides of superphosphates used 
judiciously in relation to the need for liming.” 

SHORT-SEASON VERSUS LONG-SEASON CROPS 

Long experience has shown that crops possess marked differences in 
their ability to acquire phosphorus from water-insoluble sources. This 
difference in the response that crops make to phosphates of relatively low 
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Tablb 7 .—Percentage availability to abort- and to long-season crops of the P»0» in 
ammoniated superphosphate mixtures . Dolomite present; 
moisture 9 per cent; temperature of storage 20°C. 


TOST 

DEGREE or ammoniation: 

NHi Annum on n arta av _ 

AVERAGE RELATIVE INCREASE IN YIELD 

mixture 

il U| AUUA1I UB DABLD Ur 

SUPERPHOSPHATE IN MIXTURE 

SHORT-SEASON CROPS 1 

LONG-SEASON CROPS* 

No . 

Per cent 

Per cent 

Percent 

1 

0 

100 

100 

2 

2 

98 

106 

3 

3 

84 

101 

4 

4 

76 

106 

5 

5 

55 

98 


* Millet, sorghum, and one cutting of Sudan grace. 

* Wheat ana two cuttings of Sudan grass. 


solubility varies with their growing season, their root development and 
other inherent genetic characteristics (3, 10). 

In the present investigation the crops of millet, sorghum, and one cut¬ 
ting of Sudan grass were harvested on an average of about 55 days from 
the time of planting. The period between seeding time and harvest for 
wheat and two cuttings of Sudan grass amounted to about 125 days. 
Millet, sorghum, and one cutting of Sudan grass may thus be considered 
as short-season crops, while wheat and two cuttings of Sudan grass are 
relatively long-season crops. The relative increases in yield shown in 
Table 2 represent the average of the values found for all crops grown on 
the acid soils. In Table 7 the values found for these crops are broken down 
into the average relative increases in yield found for (a) the short-season 
crops: millet, sorghum, and one cutting of Sudan grass; and (b) the long- 
season crops: wheat and two cuttings of Sudan grass. The data in Table 7 
are in agreement with the observation that, when other factors are the 
same, long-season crops are able to utilize water-insoluble phosphates to 
better advantage than those having a shorter growing season. The values 
in the table indicate that the ammoniation of a superphosphate, to 
3 per cent or more, causes a significant decrease in the availability 
of its PaOfi content to short-season crops. The results obtained with the 
long-season crops indicate, on the other hand, that there is no material 
difference between the efficiency of the non-ammoniated samples and any 
of the ammoniated samples that had been stored at 20°C. It is felt, however, 
that the data submitted are too limited to justify any definite conclusions 
on the relative response of long- and short-season crops to heavily am¬ 
moniated superphosphates. 

CHEMICAL AVAILABILITY IN RELATION TO CROP RESPONSE 

ON ACID SOILS 

In Table 8 the availability of the ammoniated superphosphate samples 
as determined chemically by the official method is compared with their 
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availability in promoting crop growth as indicated by pot tests on the 
acid soils. The results indicate that the official method can be used to 
evaluate accurately the availability to plants of the P 2 O* in non-am- 
moniated goods, and in ammoniated mixtures containing a maximum of 
about 2 per cent ammonia on the basis of the superphosphate present. 
The table shows, however, that in more heavily ammoniated mixtures the 
official method gives higher availability values than those indicated by 
the pot tests for all crops, and that the spread between the two methods 
increases with increase in the ammoniation of the mixture. 


Table 8. —Effect of various treatments on the availability of the PiO t in ammoniated 
superphosphate mixtures. Dolomite present; moisture 9 per cent 


TEST 

MIXTURE 

DEGREE OF 

AMMONIATION 

TEMPERATURE 

OF STORAGE 

PERCENTAGE AVERAGE AVAILABILITY Or P 1 O 1 IN SAMPLE 

AS DETERMINED 

CHEMICALLY 

AS DETERMINED BY POT TESTS 

ON ACID BOILS 

ON BASIS Or A 

1-GRAM SAMPLE 1 

ONBA8ISOP 100 POE 

NON-AMMONIATED 

SAMPLE 

on basis or 06 roR 

NON-AMMONIATED 

SAMPLE 

No. 

Per cent 

°C. 




1 

0 


95 

100 

95 

2 

2 


94 

100 

97 

3 

3 

20 

94 

88 

84 

4 

4 


94 

82 

78 

5 

5 

20 

93 

65 

62 

6 

2 

60 

92 

93 

88 

7 

3 

60 

91 

68 

65 

8 

4 

60 

90 

62 

59 

9 

5 

60 

90 

55 

52 

10 

2 

90 

75 

76 

72 

11 

3 

90 

74 

59 

56 

12 

4 

90 

74 

53 

50 

13 

5 

90 

84 

53 

50 


1 Chemical availability determined on a 4-12-4 mixture after ammoniation and storage. 


The principal phosphatic components of a superphosphate ammoniated 
to 2 per cent on the basis of 20% P 2 O 6 are monoammonium phosphate, 
dicalcium phosphate, and small amounts of monocalcium phosphate and 
undecomposed rock (2, 4). As the quantity of added ammonia is increased 
beyond 2.3 per cent, less soluble phosphate is formed at the expense of the 
more soluble phosphatic components of the mixture (4, 5). This less 
soluble phosphate may consist of one or more basic phosphates such as 
tricalcium phosphate, hydroxyl apatite, and more or less fluorinated 
apatites (6). In this report the term “reverted P2O5” will refer to the P2O5 
in these basic phosphates. 

The increase in the spread of the results obtained by the two methods 
with increase in the rate of ammoniation is to be expected if it is assumed 
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that the percentage availability to plants of the reverted P 2 06 in heavily 
ammoniated superphosphates remains essentially the same irrespective of 
the degree of ammoniation. In the official chemical method for evaluating 
P2O5 availability, the proportion of the reverted P2O6 in heavily am¬ 
moniated superphosphates which dissolves in 100 ml of the neutral am¬ 
monium citrate solution does not remain the same, but varies with the 
proportion of the reverted P 2 O 5 in the sample taken for analysis. 


Table 9. —Per cent availability of the P%Oi in ammoniated superphosphate mixtures . 
Dolomite present; moisture 9 per cent; temperature of storage 20°C. 


TEST 

MIXTURE 

DEGREE 

or 

AMMONIATION 

AVAILABILITY FOUND BY 

CHEMICAL METHOD 

AVAILABILITY BY POT TBBTB; 

MEAN OF ALL CROPS 

1-GRAM SAMPLE 1 

2-gram sample 1 

FOUND* 

CALCULATED 8 

No. 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1 

0 

95 

93 

95 

95 

2 

2 

94 

91 

95 

95 

3 

3 

94 

87 

84 

85 

4 

4 

94 

85 

78 

75 

5 

5 

93 

80 

62 

68 


1 As determined in a 4-12-4 mixture 

* On basis of 95 as the availability for the non-ammoniated mixture. 

* On assumption that the PiO» in the reverted phosphate is 50 per cent available to plants and in un¬ 
decomposed rock, 15 per cent available. 

If the proportion of reverted P 2 0 B in a sample is small, the action of the 
citrate solution may be such as to dissolve completely the P 2 0 B present, 
indicating complete availability. However, if the reverted P 2 0 B in the 
sample is large, the citrate solution may then be capable of dissolving only 
a small proportion of the P 2 0 B and a low availability will be indicated. 
This explains the action of the official method, already referred to, in 
giving a high availability rating for ammoniated mixtures of low P 2 O 6 
content, and a low availability rating for mixtures of high P 2 O 5 content 
( 2 , 8 ). 

According to Keenen (4) the reverted P 2 O 6 in an ammoniated super¬ 
phosphate containing 20 per cent of total P 2 0 B amounts to about 4.0 per 
cent of the sample at 3 per cent ammoniation, 8.2 per cent at 4 per cent 
ammoniation, and 12.0 per cent at 5 per cent ammoniation. The corre¬ 
sponding P 2 0 B contents of ammoniated 4-12-4 mixtures prepared from the 
same superphosphate would be 2.4, 5.0, and 7.2 per cent, respectively. 

If it be assumed that the P 2 0 B in the reverted phosphate, and in the 
undecomposed rock, of ammoniated goods are respectively 50 and 15 per 
cent available to all crops on acid soils, then the availability to plants of 
the P 2 O 5 in the ammoniated samples may be calculated as shown by the 
data in Table 9. The table also shows the availability of the samples as 
found ( 1 ) by pot tests, and ( 2 ) by the official chemical method when (a) 
1 -gram, and (b) 2 -gram samples are taken for analysis. The close agree- 
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ment between the calculated availability values and those found by the 
pot tests indicates that the percentage availability to plants of the re¬ 
verted P*0* in heavily ammoniated superphosphate mixtures does remain 
essentially the same irrespective of the degree of ammoniation. 

Table 9 further indicates that, as compared with pot tests on all crops 
with acid soils, the chemical method using a 2-gram sample for analysis 
may give slightly low results for non-ammoniated and 2 per cent am¬ 
moniated samples, and high results for those ammoniated in excess of 3 
per cent. The official method in which a 1-gram sample is taken for 
analysis, also gives high results for heavily ammoniated mixtures but it can 
apparently be used to accurately evaluate non-amoniated goods and 
ammoniated mixtures containing a maximum of 2 per cent of ammonia. 

CROP RESPONSE ON ALKALINE SOIL 

Two series of pot tests were conducted to determine the availability of 
P 2 0 5 in ammoniated superphosphate mixtures, to sorghum grown on an 


Table 10. —Effect of various treatments on the availability of the P*Oi in ammoniated 
superphosphate mixtures to sorghum grown on alkaline soil. 1 
Dolomite present; moisture 9 per cent 


TEST 

MIXTURE 

DEGREE 

or 

AMMONIATION 

TEMPERATURE 

or 

BTORAG1 

PERCENTAGE AVERAGE AVAR 

AS DETERMINED 

CHEMICALLY 

LABILITY Or P»0» IN SAMPLE 

AS DETERMINED BY 

POT TBBTB 

ON A BASIS Or A 

1-GRAM SAMPLE* 

on basis or 100 roR 

NON-AMMONIATED 

SAMPLE 

No. 

Percent 

•c. 



1 

0 


95 

100 

2 

2 

20 

94 

63 

3 

3 

20 

94 

69 

4 

4 

20 

94 

38 

5 

5 

20 

93 

5 

9 

5 

60 

90 

-13 

13 

5 

90 

84 

+27 


1 Houston day, pH 8.2. 

s Chemical availability determined on a 4-12-4 mixture after ammoniation and storage. 


alkaline soil. This soil was Houston clay with a pH of 8.2. There is evi¬ 
dence that heavily ammoniated superphosphates are less available to 
plants grown on alkaline soils than to those grown on acid soils (7,9). 
It was considered desirable therefore not to include the data obtained 
on the Houston clay soil in the same tabulation with that reported for 
the acid soils. 

Table 10 gives the results of various treatments on the availability of 
the PjOft in ammoniated superphosphate mixtures to sorghum grown on an 
alkaline soil. The data indicate that as little as 2 per cent ammoniation 
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of the superphosphate in the mixture decreases the availability of the 
P2O5 to the crop grown on this soil. The data further indicate that the 
spread between the percentage average availability of the P 2 O 6 as deter¬ 
mined chemically and by pot tests increases with increase in the degree 
of ammoniation, and with increase in temperature of storage after ammo- 
niation. The results of these pot tests show that the P2O5 in the ammo¬ 
niated mixtures is considerably less available to plants grown on this 
alkaline soil than to those grown on acid soils. 

SUMMARY 

A collaborative study was made of the factors that affect the effi¬ 
ciency of ammoniated superphosphate mixtures in promoting crop growth 
in the greenhouse. The results of pot tests with 7 different acid soils in 
5 separate locations indicate that: 

(a) Superphosphate mixtures that have been ammoniated to 2 per 
cent on the basis of the superphosphate in the mixture and stored at or¬ 
dinary temperatures, with or without dolomite, are as available to plants 
on acid soils as the corresponding non-ammoniated mixtures. 

(b) The availability to plants of the P 2 O 5 in ammoniated mixtures 
containing dolomite tends to decrease as the rate of ammoniation is in¬ 
creased beyond 3 per cent, and as the temperature of storage is increased 
above normal. The presence of dolomite apparently causes a reduction in 
the availability to plants of the P 2 0 6 in ammoniated mixtures stored at * 
elevated temperatures and, to a lesser extent, in such mixtures stored at 
ordinary temperatures. 

(c) The availability to plants of the P 2 O 6 in heavily ammoniated mix¬ 
tures is less, for all three of the temperatures at which they were stored, 
when the moisture content of the mixture was 9 per cent than when it was 
3 per cent. 

(d) The addition of fluorides to an ammoniated or a non-ammoniated 
mixture has little or no effect on the availability of its P 2 O& content to 
plants. 

(e) Long-season crops appear to be more responsive to water-insoluble 
phosphates than those having a shorter growing season. 

(f) The percentage availability to plants of the reverted P 2 O 5 in 
heavily ammoniated superphosphate mixtures remains essentially the 
same irrespective of the degree of ammoniation. As determined by the 
official chemical method, the percentage availability of the reverted P2O5 
in ammoniated mixtures does not remain the same, but varies with the 
proportion of the reverted P2O5 in the sample taken for analysis. The 
spread between the percentage availability of the P2O5 in ammoniated 
mixtures as determined chemically, and by pot tests, increases therefore 
as the degree of ammoniation is increased beyond 2 per cent. 

(g) Ammoniated superphosphates are less effective in promoting crop 
growth on alkaline than on acid soils. 



APPENDIX 

Section 1. —Effects of degree of ammoniation , temperature of storage , presence of dolomite , moisture and source of PtOt on response of millet, 

wheaty sudan grass , and sorghum to ammoniated superphosphates on various soils 
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APPENDIX 

Section 2. Effect of presence of fluorine during ammoniation and storage on response of 
crops to ammoniated superphosphates on various soils 1 
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THE AIR-FLOW METHOD FOR THE DETERMINATION 
OF MOISTURE IN FERTILIZERS* 

By John O. Hardesty, Colin W. Whittaker, 
and William H. Ross 1 

(Division of Fertilizer and Agricultural Lime, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research 
Administration, U. S. Department of Agriculture, 

Beltsville, Maryland) 

Water in fertilizer materials and mixtures may exist as free moisture; 
water of crystallization, such as that occurring in gypsum, CaS 0 4 - 2 H 20 ; 
or water of constitution as in phosphoric acid or sundry organic materials 
that are often components of mixed fertilizers. The free moisture and its 
burden of dissolved salts forms a liquid phase on the surface of the solid 
particles and determines, to a large extent, the physical condition of the 
fertilizer. An accurate knowledge of the free moisture content is thus of 
prime importance to the fertilizer manufacturer and chemist. Unfortu¬ 
nately, such knowledge is not always afforded by methods commonly used. 

In a review of the problem of determining moisture in fertilizers, 
Whittaker and Ross (4) pointed out that the decomposition of organic 
materials and of crystalline hydrates and the liberation of water of con¬ 
stitution, that may occur when samples are dried at 100°C., could be 
largely avoided if the moisture were removed rapidly at a low tempera¬ 
ture as by passing a current of air, heated to about 60°C., directly 
through the sample. Such a technique would take advantage of the 
slower rate of liberation of water of crystallization and of constitution, 
than of free moisture, and of the greater stability of crystal hydrates and 

* Presented at the Annual Meeting of the Association of Offioial Agricultural Chemists, held at Wash¬ 
ington, D. C., October 20-22, 1947, 

1 Deceased; 
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organic materials at the lower temperature. These workers also indicated 
that drying over a suitable desiccant for at least two hours at room tem¬ 
perature in a well evacuated desiccator approached the ideal procedure 
more closely than most of the other methods studied. However, some of 
the commonly used powerful drying agents like anhydrous magnesium 
perchlorate are capable of reducing the partial vapor pressure of moisture 
surrounding the sample to such an extent that some of the crystalline 
hydrates like magnesium ammonium phosphate hexahydrate, that may 
be present in mixed fertilizers, may lose water of crystallization. Three 
essentials of a method for free moisture would thus appear to be (a) 
rapid removal of the moisture, (b) low temperature, and (c) a not too low 
partial vapor pressure of water vapor in the atmosphere surrounding the 
sample. The present official method (2) for determining moisture by oven 
drying for 5 hours at 100°C. does not meet any of the foregoing conditions. 
The present paper describes a method, designated as the air-flow method, 
in which the necessary conditions are met more adequately. 

Elsewhere in this issue (3) Ross and Love have compared the air-flow 
method with the official method and the vacuum-drying procedure for 
the determination of moisture in various types of fertilizer materials. They 
found that the principal salt hydrates that are likely to occur in mixed 
fertilizers can be dried by the air-flow method without the loss of water of 
crystallization that occurs when the same materials are dried by the offi¬ 
cial method. The present paper extends these results to mixed fertilizers 
with special attention to those that may lose water of constitution at 
100°C. or in which thermal reactions generating volatile reaction products 
may occur. 

AIR-FLOW METHOD 

Apparatus 

The equipment designed for the rapid removal of moisture at a rela¬ 
tively low temperature is shown in Figures 1 and 2. It consists of a metal 
manifold (Figure 1) 10£X2^Xli inches in size with a }-inch nipple cen¬ 
trally located on one side for attachment to the vacuum line, and six 1J- 
inch tapered stopper seats evenly spaced along the top to accommodate a 
No.-6, one-hole, rubber stopper. A lj-inch length of light metal tubing, 
|-inch in diameter, extends through the rubber stopper to a height of 
approximately J-mch above the surface. This extension of the metal tub¬ 
ing above the surface of the stopper is for the purpose of centering a fritted 
glass crucible over the hole in the stopper. Since the crucible is held in 
place by suction, it is necessary to grind a smooth surface on the lower 
edge of each fritted glass crucible and the surface of the stopper in order 
to insure an air-tight connection between the edge of the crucible and the 
stopper when air is being drawn through the sample in the crucible. 
Figure 2 shows the manifold with crucibles in position in a constant tem¬ 
perature oven and connected to a gage in the vacuum line. The most suit- 



642 ASSOCIATION or OFFICIAL agricultural chemists {Vol. SO, No* 4 


able type of drying oven for the determination is one in which the incom¬ 
ing air is drawn over the heating coils before it contacts the samples. 
With this equipment the amount of air passing through the sample and 
the temperature of the sample can be maintained constant. A manifold 
to accommodate 12 or more crucibles may be used providing sufficient 
vacuum is maintained to keep approximately the same quantity of air 
passing through each sample. 

The fritted glass crucible is the type ordinarily used for filtration. Those 



CROSS SECTION 

Fig. 1.—Manifold for use in determining moisture by the air-flow method. 


used in this work were of Pyrex glass, If inches tall, 1A inches in diam¬ 
eter at the top and fitted with a f-inch fine-porosity fritted glass plate. 
For accurate work a set of crucibles of matched porosity should be used. 
Such a set may be obtained by selecting several that pass a given quantity 
of air at a constant pressure in about the same length of time. For this 
purpose the rate of air flow may be determined with a gas meter or by 
fitting the crucible to the tight-fitting rubber stopper of a large separatory 
funnel filled with water and selecting crucibles which give approximately 
the same length of time for the funnel to empty. 

Tests have shown that matched fine-porosity crucibles under constant 
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vacuum allow the passage of air through each crucible on the manifold 
at approximately the same rate (0.1 cu. ft. in 60-108 seconds at 60°C. 
and 63 cm. vacuum), and, since the resistance to air flow afforded by the 
fritted disk is large relative to that afforded by the sample, variations in 



Fig. 2.—The air-flow apparatus in place in a drying oven. 


the amount and particle size of the sample have no appreciable effect on 
the amount of air passed through the sample in a given length of time. A 
vacuum of about $ atmosphere has been found suitable for most moisture 
determinations. This facilitates routine procedure in that all samples may 
be removed at the same time with the reasonable assurance that they have 
been subjected to the same drying conditions. 
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Procedure 

A two-gram sample of the fertilizer or fertilizer material is weighed into 
tared crucible and spread evenly over the fritted glass disk. When six 
crucibles (or the manifold capacity) have been prepared and the oven 
temperature adjusted to 60°C., the vacuum is turned on the manifold 
and the crucibles are put in place on the rubber stoppers, making cer¬ 
tain that each is tightly seated as indicated by its resistance to removal. 
If less than six crucibles are to be used the other openings in the manifold 
must be tightly stoppered. The vacuum is adjusted to about J atmosphere 
and the air flow continued for two hours, or longer if necessary. The oven 
thermometer should be located with its bulb near the top of the manifold 
to insure that the temperature of the air entering the crucibles is being 
measured. The oven temperature should be checked a few minutes after 
the vacuum is turned on and again later. Some ovens do not readily take 
up the additional load because of the cool air being drawn in, so that ad¬ 
justment is sometimes necessary. The determinations usually proceed 
smoothly and few precautions are necessary. The fact that the air passes 
downward through the sample prevents any loss of fine particles through 
dusting. Loss in weight is computed after cooling the crucibles in a desic¬ 
cator and weighing. 

APPLICATION TO MIXED FERTILIZERS 
Loss of Volatile Matter Other Than Free Moisture 

In a preyious paper (1) it was shown that fertilizer mixtures containing 
superphosphate, inorganic nitrates, and organic matter may undergo 
decomposition at 100°C. This is the result of the oxidation of organic 
matter by nitric acid, which is formed in the reaction between nitrate and 
monocalcium phosphate, or free phosphoric acid, in the presence of 
moisture. Such mixtures heated at temperatures of 85 to 100°C. for 2 
hours were found to lose between 6 and 7 per cent of their weight in the 
form of volatile matter, including oxides of nitrogen, carbon dioxide, and 
water of constitution. While these reactions may occur slowly at much 
lower temperatures, they are greatly accelerated at temperatures in the 
neighborhood of 100°C. No appreciable loss of volatile matter other than 
free moisture was observed to occur below 85°C. Therefore it would be 
expected that moisture determinations on such mixtures would give 
widely variant results depending on whether the determinations were 
made above or below 85°C. Mixtures were prepared and analyzed for 
moisture by 3 different methods according to the formulation and analyt¬ 
ical data presented in Table 1. The mixtures were formulated to contain 
approximately 7 per cent free moisture according to analysis of the ma¬ 
terials by vacuum desiccation; free moisture was added when necessary. 
At this moisture content the mixtures containing large amounts of am- 
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monium nitrate were slightly clammy after 30 days of storage in moisture- 
proof containers, while the other mixtures were dry and friable. Gross 
weight of the samples remained constant during storage, showing that no 
loss by evaporation of moisture occurred. During the moisture determina¬ 
tion by the official method at 100°C., mixtures containing large amounts 
of ammonium nitrate in conjunction with unammoniated superphosphate 

Table 1 .—Effect of fertilizer formulation on moisture values by different methods 


FORMULAS OF FERTILIZER MIXTURES (POUNDS PER TON) 


MATERIAL 

8-24-0 


8-24-8 


4-24-8 

3-12-6 

8-16-16 

No. 1 

No. 5 

No. 7 

No. 9 

No. 13 No. 47004 

No. 967 

Ammonium Sulfate 

385 

385 

— 

385 

385 

— 

310 

Ammonium Nitrate 

240 

240 

480 

240 

— 

— 

67 

Nitrogen Solution 2A 

— 

— 

— 

— 

— 

171 

190 

Triple Superphosphate 

1000 

1000 

1000 

1000 

1000 

— 

690 

Normal Superphosphate 

— 

— 

— 

— 

— 

1200 

— 

Potassium Chloride 

— 

270 

270 

— 

270 

200 

530 

Potassium Sulfate 

— 

— 

— 

310 

— 

— 

— 

Hydrated Lime 

25 

25 

25 

25 

25 

— 

— 

Magnesium Limestone 

— 

— 

— 

— 

— 

116 

113 

Cocoa Shell Meal 

100 

80 

100 

40 

100 

— 

100 

Sand Filler 

250 

— 

125 

— 

220 

313 

— 



MOISTURE VALUES AFTER CURING (PER CENT) 


METHOD 



SAMPLE NUMBERS 




l 

5 

7 

0 

13 

47004 

957 

A.O.A.C. (5 hrs., 100°C.) 

10.81 

9.93 

14.83 

8.79 ! 

7.19 

6.86 

7.30 

Vacuum Dessication 1 

4.48 

4.73 

7.IS 

4.48 

2.23 ’ 

6.04 

5.92 

Air-Fow (2 hrs., 60°C.)» 

4.26 

4.36 

i 

7.07 

4.24 

2.07 

5.89 

5.83 


1 With 27 inches vacuum, over anhydrous magnesium perchlorate for 48 hours at 25°C. 

* Aspiration with 15 inches vacuum on manifold containing 0 samples in matched fine-porosity crucibles. 


and organic matter (Nos. 1, 5, 7, and 9) had a marked tendency to liberate 
more volatile matter than that represented by the free moisture content 
(7 per cent) of the original mixture. They had an appreciable odor of 
nitric acid, and mixture No. 7 liberated noticeable brown fumes during 
the early stage of heating. This loss of volatile matter other than free 
moisture is reflected in the values obtained by the official method on mix¬ 
tures 1, 5, 7, and 9. As compared with No. 7 containing no sulfate, mix¬ 
tures 1, 5, 9, 13, and 957, containing large amounts of ammonium sulfate, 
gave evidence of hydrate formation as indicated by their low free moisture 
content according to the vacuum-drying and the air-flow methods of 
analysis. The results obtained by these two methods on mixture No. 7 
show that little or no hydration occurred since the amount of free mois- 
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ture recovered after curing was essentially the same as the original free 
moisture content (7 per cent) of the sample. 

The vacuum procedure gave results on all mixtures that were consist¬ 
ently higher, by small amounts, than those obtained by the air-flow meth¬ 
od. This may be attributed to a slight, partial loss of water of crystalliza¬ 
tion when using the vacuum method, and suggests that the air-flow method 
gives a slightly better estimate of free moisture when crystal hydrates are 
present. 

The results given in Table 1 demonstrate the applicability of the air¬ 
flow and vacuum-drying methods to the problem of following the course 

Table 2. —Loss in weigh! of cocoa shell meal during drying by different methods 


MRTHOD OF DRYING 

DURATION OF DRYING 

LOBS IN WRIGHT 


Hour* 

Percent 

Oven at 100°C. 

3 

6.29 

u u a 

5 

6.49 

a a u 

7 

6.60 

Vacuum Drying 1 

16 

3.28 

u it 

21 

4.05 

U it 

26 

4.22 

Air-Flow* 

1 

3.57 

a a 

2 

3.59 

it u 

3 

! 

3.59 


1 Over anhydrous magnesium perchlorate at 30°C. 

* At 0O°C. 

of hydration reactions in fertilizers during the curing stage. They also 
indicate that the present official method of drying for 5 hours at 100°C. 
is not applicable to mixtures containing large amounts of ammonium ni¬ 
trate in conjunction with organic matter and superphosphate. 

Effect of Atmospheric Humidity 

The tenacity with which water is held by some organic fertilizer condi¬ 
tioners, e.g. f cocoa shell meal, is well known. With materials of this kind 
it would be expected that the partial pressure of moisture in the air pass¬ 
ing through the sample would influence results by the air-flow method. A 
comparison of the results obtained by different methods of drying cocoa 
shell meal (Table 2) shows that oven drying at 100°C. gives considerably 
higher values than either the vacuum-drying or the air-flow method. This 
is attributed to the slow decomposition of the organic matter at this tem¬ 
perature. The data also show that drying in vacuum over anhydrous 
magnesium perchlorate for 21 to 26 hours gives somewhat higher values 
for moisture in this material than were obtained by the air-flow procedure. 
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When the material dried over the desiccant was further treated by the 
air-flow method, it regained an amount of moisture equivalent to the dif¬ 
ference between the original results obtained by these two methods. This 
indicates that the moisture vapor in the air drawn through this highly 
adsorptive material'pre vented as complete drying as was obtained by the 
vacuum-drying procedure. 

The relative humidity of the air in the laboratory during the course of 
experiments described in this paper varied between 23 and 70 per cent. 
However, with the exception of the cocoa shell meal and the phosphatic 
materials containing free phosphoric acid as described in the accompany- 
ing paper by Ross and Love (3), it will be observed (Table 1) that the 
results obtained by the air-flow method are in fair agreement with those 
obtained by the vacuum-drying method in which the humidity of the air 
in the laboratory is not a factor. 

Known methods for determining moisture in fertilizer materials and 
mixtures are necessarily empirical when considered from the standpoint 
of their application to many types of samples. When extremely small 
changes in moisture content are of interest, as in the control analysis of 
ammonium nitrate, it may be expedient to either dry the air which passes 
through the sample during the determination of moisture by the air-flow 
method, or to maintain the air at a selected constant relative humidity. 
This would also offer the possibility of shortening the time required for 
the determination. However, the feasibility of modifying the method, to 
include such practice for routine analytical work on fertilizers, depends 
upon whether or not extreme accuracy is desired. The fertilizer chemist is 
interested in obtaining moisture results that reveal the causes for varia¬ 
tion in either the physical condition of the fertilizer or in the results of 
analyses for other constituents. Possibly no single method is sufficient for 
all materials and mixtures. The present official methods are not applicable 
to many of our present day mixtures and it would seem necessary to re¬ 
place or supplement them with more reliable methods. The air-flow and 
vacuum-drying methods show considerable promise in this respect since 
neither of them causes any appreciable decomposition of the organic mat¬ 
ter or hydrates commonly occurring in fertilizers. 

SUMMARY AND CONCLUSIONS 

A procedure designated as the air-flow method of determining free 
moisture in fertilizer materials and mixtures is described. It consists briefly 
in drawing air heated to 60°C. through the sample for 2 hours. 

Comparative results were obtained on fertilizer samples containing 
easily oxidizable components using three different methods of determining 
moisture, namely: the present official method in which the sample is 
oven dried for 6 hours at 100°C., the method of drying in vacuum over 
anhydrous magnesium perchlorate for varying periods of time at room 
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temperature, and the air-flow method. The results show that the present 
official method is not adapted to the determination of free moisture in 
such samples, since a temperature of 100°C. may cause decomposition and 
consequent loss in weight other than that representing the true free mois¬ 
ture content. These decomposition reactions do not occur during the de¬ 
termination by either the vacuum-drying or air-flow methods, which offer 
considerable promise for routine evaluation of free moisture in fertilizers. 
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A COMPARISON OF COPPER SULFATE AND MERCURIC 
OXIDE AS CATALYST IN THE DETERMINATION 
OF PROTEIN IN FISH MEAL 

By Thomas J. Potts, Mary A. Parham, and Irma M. Schafer 
(Ralston Purina Company, St. Louis, Mo.) 

Several different catalysts have been used for the measurement of pro¬ 
tein in feeding stuffs by the Kjeldahl procedure. Among those used are 
copper, mercury, and selenium. It has been observed by several laborator¬ 
ies that the use of copper as a catalyst resulted in lower protein content 
in vegetable oil meals than when mercury was used as the catalyst (1) (2). 

In our laboratory we have used copper sulfate as a catalyst in nitrogen 
digestions for protein determinations for more than thirty years. In this 
report we are presenting data in which we compared the use of mercuric 
oxide with copper sulfate as a catalyst in the determination of protein in 
fish meal. 

First, we investigated the effect of the kind of catalyst used on the 
minimum time required for complete digestion. Twenty-eight 1-gram 
portions of a fish meal sample were weighed into digestion flasks. To four¬ 
teen of then, 11 grams of anhydrous sodium sulfate, 0.2 gram anhydrous 
copper sulfate, and 25 ml of sulfuric acid were added. To the remainder, 11 
grams of anhydrous sodium sulfate, 0.7 gram red mercuric oxide, and 25 
ml of sulfuric acid were added. 

Two portions were digested for each catalyst, and for each of the periods 
of time shown in Table 1. 

The balance of the official procedure was then followed (3) (4). In the 
case of copper sulfate the solution was made alkaline with sodium hydrox¬ 
ide and distilled into N/5 sulfuric acid. In the case of mercuric oxide, 
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sodium thiosulfate, and sodium hydroxide were added before distillation 
according to the Kjeldahl-Gunning-Amold procedure. The resulting 
ammonia was in every case distilled into the same quantity of N/5 sulfuric 
acid. 

The work was repeated with five additional samples of fish meal. 


Table 1 . —Comparison of digestion time for copper and mercury catalysts 


TlltS IN MINUTES AFTER CLEARING 


SAMPLE 

20 

40 

60 

80 

100 

120 

140 


Per eenff 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 



(a) Using Copper Sulfate 

* 



B5610 

65.00 

65.72 

65.77 

65.85 

65.80 

65.75 

66.03 

B5634 

57.96 

59.50 

59.62 

59.59 

59.59 

59.66 

59.59 

B5638 

63.42 

64.60 

64.59 

64.63 

64.65 

64.66 

64.66 

B5646 

67.17 

68.15 

68.04 

68.22 

68.41 

68.24 

68.34 

B5670 

62.51 

63.42 

63.77 

63.86 

63.82 

63.79 

63.70 

B5680 

64.44 

65.68 

65.54 

65.63 

65.52 

65.70 

65.52 

Average 

63.41 

64.51 

64.56 

64.63 

64.63 

64.63 

64.64 



(6) Using Mercuric Oxide* 



B5610 

65.12 

65.77 

65.72 

65.75 

65.77 

65.80 

65.86 

B5634 

58.24 

59.74 

59.71 

59.76 

59.62 

59.92 

59.74 

B5638 

63.53 

64.59 

64.93 

64.65 

64.96 

64.73 

64.59 

B5646 

67.06 

68.18 

68.36 

68.17 

68.31 

68.24 

68.39 

B5670 

62.79 

63.88 

63.81 

63.96 

63.84 

64.03 

64.07 

B5680 

64.70 

65.72 

65.64 

65.57 

65.64 

65.52 

65.77 

Average 

63.57 

64.65 

64.70 

64.64 

64.69 

64.71 

64.74 


♦ Results are average of two determinations, 
t Protein protein (N X6.25) 

Total digestion time for: 

CuSC >4 “35 minutes -J-digestion time in table 
HgO “20 minutes -f-digestion time in table. 

After determining the minimum digestion time, the information was 
used in determining the protein in forty samples of fish meal. 

Four 1-gram portions of each sample were weighed out at the same time 
to make certain that comparisons were at the same moisture basis. Dupli¬ 
cate determinations were made using copper sulfate for a catalyst, and 
also duplicates using mercuric oxide. Results showing the average of 
these duplicate determinations are given in Table 2. 

OBSERVATIONS 

The results recorded in Table 1 show that the minimum time required 
for complete digestion is 40 minutes after the solution becomes clear. This 
time was used for the samples analyzed in Table 2. The data show that 
continued digestion up to 140 minutes does not cause any appreciable 
change. 
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Table 2. —Per cent protein in fish meal 


SAICPLB 

wmcBia 

COFFBB 

SUIdTATS 

vxitotmio 

oxxos 

COMPABISOH Of 

Hg WITH Cu 

PBB COS NT PBOTSIN 

B5568 

64.27 

65.18 

+0.91 

B5569 

63.56 

64.34 

+0.78 

B5570 

63.66 

64.65 

+0.99 

B5581 

66.35 

66.37 

+0.02 

B5596 

63.62 

65.93 

+2.31 

B5597 

64.80 

64.89 

+0.09 

B5707 

66.18 

66.03 

-0.15 

B5708 

60.63 

61.29 

+0.66 

B5781 

63.27 

64.00 

+0.73 

B0014 

70.31 

70.81 

+0.50 

B0015 

53.79 

54.08 

+0.29 

B0116 

65.10 

66.08 

+0.98 

B0154 

61.46 

61.83 

+0.37 

B0132 

59.25 

59.62 

+0.37 

B0133 

62.40 

62.61 

+0.21 

B0188 

’ 69.17 

69.03 

-0.14 

B0270 

68.48 

68.38 

-0.10 

B0328 

68.74 

68.73 

-0.01 

B0330 

65.73 

65.84 

+0.11 

B0331 

69.87 

71.62 

+1.75 

B0350 

63.06 

63.39 

+0.33 

B0383 

63.29 

63.61 

+0.32 

B0362 

61.44 

62.66 

+1.22 

B0464 

64.05 

65.07 

+1.02 

B0465 

62.81 

63.13 

+0.32 

B0475 

59.39 

59.45 

+0.06 

B0493 

65.18 

65.23 

+0.05 

B0547 

63.72 

64.34 

+0.62 

B0563 

63.41 

63.84 

+0.43 

B0729 

61.56 

61.76 

+0.20 

B0658 

63.13 

63.78 

+0.65 

B0733 

59.85 

59.78 

-0.07 

B0728 

56.20 

56.98 

+0.78 

B0848 

67.61 

68.21 

+0.60 

B0849 

65.62 

65.62 

0.00 

B0850 

65.07 

66.28 

+1.21 

B0865 

68.74 

69.07 

+0.33 

B0866 

65.21 

65.37 

+0.16 

B0953 

60.95 

64.74 

+3.79* 

B1044 

67.09 

67.09 

0.00 

Average 

63.95 

64.52 

+0.57 


* This sample was normal in physical appearance. 


It was noted in all these determinations that the copper digestion 
cleared after approximately 35 minutes and the mercury after 20 minutes. 
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The digestions were heated with open 500-watt electric heating elements. 

In reviewing the results of Table 2 it will be noted that in the 40 sam¬ 
ples analyzed all gave higher results with mercury except five. These sam¬ 
ples show results from 0.01-0.15 per cent lower. The difference is so small 
that it is well within the experimental error. 

Of the remaining 35 samples, 19 are from 0—.50 per cent higher for 
mercury, 10 are .50—1.00 per cent higher, 4 from 1.00-2.00 per cent higher, 
1 is 2.31 per cent higher, and 1 is 3.79 per cent higher. 

The average protein of these 40 samples is 0.57 per cent higher with 
mercuric oxide than with copper sulfate. 

DISCUSSION 

The results secured with fish meal are in agreement with those of other 
protein concentrates investigated in this laboratory. Following the same 
chemical procedure the average difference obtained for 40 samples of soy¬ 
beans and soybean meal was +0.25 per cent in favor of mercury. In 40 
samples of cottonseed meal it was +0.23 per cent. In 20 samples of tank¬ 
age it was +0.28 per cent, and in 40 samples of meat scrap +0.36 per 
cent. Thus, of the 719 determinations made in comparing these catalysts, 
the results secured with fish meal are the most impressive. 

CONCLUSIONS 

Our observations indicate that when mercuric oxide is used as a catalyst 
results tend to be higher than when 0.2 gram anhydrous copper sulfate 
and 11 grams of sodium sulfate are used to determine protein in fish meal. 

REFERENCES 

(1) Kenzo Nakajima and Masami Ikede, Chem. Abstracts, 32, 4101 (1937). 

(2) Michael Lauro, Ind. Eng. Chem., Anal. Ed., 3, 401 (1931). 

(3) Methods of Analysis, A.O.A.C., 6th Ed., 27, 2.25 (1945). 

(4) Ibid., 27, 2.26. 


THE ESTIMATION OF GLYCEROL IN THE PRESENCE 
OF PROPYLENE AND ETHYLENE GLYCOLS 

By S. H. Newburger and C. F. Bruentng (Food and Drug Adminis¬ 
tration, Federal Security Agency, Baltimore, Maryland) 

Shupe 1 utilizes the Malaprade periodate oxidation to determine glycerol 
in the presence of propylene and ethylene glycols. 

CH 2 OH- CHOH- CH 2 OH+ 2 KIO 4 - HCOOH+ 2 HCHO+ 2 KIO 3 +H 2 O 

CHaOH • CH 2 OH+KIO 4 - 2HCHO+KI0 3 +H 2 0 

CHaOH • CHOH • CH3+KIO4 = HCHO+CH3CHO+KIO3+H2O 

* Shupe, I. S. This Journal , 26, 249 (1943)! 
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Since formic acid from glycerol is the only acid oxidation product 
yielded by any of these substances, a titration of the acid furnishes a 
method of determining glycerol. Each mol of glycerol provides one mol of 
formic acid. 

Shupe makes the following recommendations; 

(a) That appropriate correction for any acidity in the oxidizing 0.02 
M potassium periodate solution be made. 

(b) That the oxidized solution be titrated to a clear yellow end point 
with 0.02 N sodium hydroxide and methyl red indicator. 

We found these recommendations difficult to follow. Potassium perio¬ 
date solutions when titrated with 0.02 N sodium hydroxide and methyl 
red indicator do not show a sharp end point, but change slowly from a red 
to a salmon yellow color. On further addition of alkali, it is not possible to 
obtain the yellow color which is observed in the titration of the oxidized 
glycerol solutions. Nine collaborators 2 who determined glycerol in a 
vanishing cream reported blanks from 0.05 to 0.3 ml of 0.02 N sodium 
hydroxide for equal volumes of the same potassium periodate solution. 

When oxidized glycerol solutions are titrated, the color changes from 
red, through a salmon yellow, to a yellow. However, the change from sal¬ 
mon yellow to clear yellow is so gradual that it is extremely difficult to 
ascertain when the end point has been reached. Experiments on solutions 
of known glycerol content have convinced us that the correction for the 
acidity of the potassium periodate must be omitted, and the titration 
continued until no perceptible color change is caused by the addition of 
one drop of 0.02 N sodium hydroxide. Otherwise, the results will be low. 

The aforementioned collaborators 2 obtained recoveries averaging 100 
per cent of the glycerol present in the vanishing cream when calculated 
from the periodate consumed, but their recoveries averaged only 96.4 per 
cent calculated from alkali titration of the same solutions. The individual 
results varied from 93.1 to 99.8 per cent. 

The following observations provided the experimental basis for a modi¬ 
fied method; 

Potassium periodate solution is acid to methyl red, and the addition of 
0.02 N sodium hydroxide produces a gradual color change. The solution 
never becomes a clear yellow color. Likewise, potassium iodate solution 
is acid to methyl red but changes sharply to a clear yellow on the addition 
of 0.05 ml of 0.02 N sodium hydroxide. That the poor end point with 
methyl red is probably due to the acidic properties of the potassium perio¬ 
date itself was demonstrated in the following manner: 

To a large excess of propylene glycol in aqueous solution were added a 
few drops of methyl red indicator and enough 0.02 N sodium hydroxide 
to make the solution a clear yellow. When potassium periodate was added 


1 Bruening, C. F., This Journal, 30, 507 (1947). 
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the solution turned red. However, as the periodate was reduced to iodate 
by the propylene glycol, the solution reverted to a yellow color. 

The above experiments indicated that if excess potassium periodate 
were destroyed by propylene glycol, before attempting the titration of 
formic acid, better results would be obtained in the alkalimetric deter¬ 
mination of glycerol. 

An effort was also made to substitute for methyl red an indicator show¬ 
ing a readily detected end point. Both bromcresol purple (pH 5.2-6.8) and 
chlorphenol red (pH 4.8-6.4) seemed to be more satisfactory than methyl 
red. Bromcresol purple was chosen since its color change is more easily 
seen. 

The following modified method was developed: 

REAGENTS 

Bromcresol purple indicator soln. —Dissolve 0.1 gram in 100 ml of alcohol. 

Potassium periodate. —0.02 M. Dissolve 4.6 grams KIO 4 in about 500 ml hot 
water. Dilute to about 900 ml with water, cool to room temperature, and make to 
1000 ml. 

Sodium hydroxide. —0.02 N. Dilute 1 volume of 0.1 N NaOH to 5 volumes with 
water. 

Propylene glycol. —Dilute 0.5 ml of commercial product to 25 ml with H 2 0. Add 
25 ml of 0.02 M KIO4 and allow to stand for 10 minutes. Titrate with 0.02 N NaOH 
using 3 drops of the indicator soln. If not more than 0.05 ml of the base is consumed, 
the product is suitable for use. 


PROCEDURE 

Transfer a sample containing not more than 45 mg of glycerol, or its equivalent, 
to a 110 ml volumetric flask. Add 1 drop of bromcresol purple indicator solution and 
neutralize. Make the final adjustment to a light purple color with 0.02 N NaOH. 
Add 50 ml of 0.02 M KI 04 , dilute to volume with water, mix and allow to stand for 
one hour.* Pipet a 50 ml aliquot into a flask, add 10 drops of propylene glycol (ca 
0.5 ml), mix well, wash down sides of flask with water, and allow to stand for 10 
minutes. Add 3 drops of indicator and titrate with 0.02 N NaOH to a light purple 
end point. The color change is from yellow, through neutral gray, to a light purple 
color. 

1 ml 0.02 N NaOH = 1.84 mg glycerol. 

This procedure was applied to samples containing varying amounts of 
glycerol. A specially purified glycerol (99.55%), assayed by the periodate 
consumption method and specific gravity determination, was used to pre¬ 
pare a standard solution, from which aliquots containing known amounts 
of glycerol were taken. The results of the analyses are given in Table 1. 

All recoveries in Table 1 are within 100 ±0.9 per cent. 

The titration of formic acid with 0.02 sodium hydroxide using brom¬ 
cresol purple indicator proceeds quite smoothly if the excess potassium 
periodate is destroyed. The iodates produced in the reduction have no 

* Blows periodate must be present. Twt for periodate by adding NaHCO t and KI to test portions; 
if excess is present, iodine will be liberated. 
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effect upon the titration. This was demonstrated by the following experi¬ 
ments: 

A 0.1 gram sample of potassium iodate (approximately the amount 
formed by the reduction of the 22.7 ml of 0.02 M potassium periodate 
which was originally present in the 60 ml aliquot taken for titration) 
was dissolved in 30 ml of water and titrated with 0.02 N sodium hydroxide 
using 3 drops of the indicator. One drop (0.05 ml) of 0.02 N sodium hy¬ 
droxide was sufficient to produce a sharp color change. 

A solution of 22.7 ml of 0.02 M potassium periodate was diluted with 25 


Table 1. —Application of method to known amounts of glycerol 


BAMPLB 

TITXB FOB 60 ml 
ALIQUOT—ML OF 

0.02 N NaOH 

GLTCKROL FOUND 

RBOOTORT 

mo- 


mo. 

per cent 

40.29 

9.95 

40.28 

100.0 


9.91 

40.12 

99.6 

30.22 

7.47 

30.24 

100.1 


7.46 

30.20 

99.9 

20.14 

4.99 

20.20 

100.3 


4.96 

20.08 

99.7 

10.07 

2.51 

10.16 

100.9 


2.51 

10.16 

100.9 


ml of water, 10 drops of propylene glycol added, and the resulting solution 
allowed to stand for 10 minutes. Three drops of indicator were then added. 
Again 0.05 ml of 0.02 N sodium hydroxide was sufficient to titrate the 
acidity of the solution. 

The above experiments indicate that no acidity is contributed by either 
the reduced potassium periodate or the oxidation products of the propy¬ 
lene glycol. On the other hand, the addition of as much as 2 ml of 0.02 
N sodium hydroxide to 22.7 ml of 0.02 M potassium periodate containing 
bromcresol purple did not cause the indicator to change from a yellow to 
a purple color. 

An oxidised glycerol solution was titrated to the selected light purple 
end point. The pH of the resulting solution when measured with a Beck¬ 
man pH meter was found to be 6.4. 

The method was then applied to a number of solutions containing 
known amounts of glycerol, propylene glycol, and ethylene glycol. The 
results are presented in Table 2. 

All the recoveries in Table 2 are within 100 ± 0.3 per cent. 

The following test showed that neither the ethylene glycol or its oxida¬ 
tion products gave an acid blank: 
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Ten drops of ethylene glycol were diluted to 25 ml with water, 22.7 ml 
of 0.02 M potassium periodate added, and the solution allowed to stand 
for 10 minutes. Three drops of indicator were added and the solution 
titrated with 0.02 N sodium hydroxide. The titer was less than 0.05 ml 
of 0.02 N sodium hydroxide. 

It has already been shown that the propylene glycol does not interfere 
with the procedure. 


Table 2. —Application of method to solutions containing known amounts 
of glycerol, propylene glycol, and ethylene glycol 


SAMPLE 


TITXB fob 50 ml 

ALIQUOT—MI or 

0.02 N NaOH 

OLTCKBOL FOUND 

RICOVERT 


mo 


mg 

percent 

Glycerol. 

. 20.14 

4.99 

20.20 


Propylene glycol . . . 

. 33.16 

4.97 

20.12 

99.9 

Glycerol. 

. 20.14 

4.98 

20.16 

100.1 

Ethylene glycol. 

. 27.56 

4.98 

20.16 

100.1 

Glycerol. 

. 20.14 

4.98 

20.16 

100.1 

Propylene glycol.... 
Ethylene glycol. 

. 16.58 

. 13.78 

4.96 

20.08 

99.7 

Propylene glycol 

. 33.16 

0.04 

— 

— 

Ethylene glycol. 

. 27.56 

0.04 

— 

— 


CONCLUSION 

The alkali titration procedure of Shupe for the determination of glyc¬ 
erol has been modified. Excess periodate is reduced before the titration, 
and bromcresol purple is substituted for methyl red as the indicator. 

By this method glycerol can be accurately determined alone, and in 
solutions containing propylene and ethylene glycols. 


RESIDUAL CHLORINE IN MILK AFTER THE 
ADDITION OF HYPOCHLORITE 


By Ferrin B. Moreland* (Chemistry Department, Division of Public 
Health Laboratories, Kansas State Board of Health, Topeka, Kans.) 


In interpreting the results of the Rupp test 1 on milk samples examined 
in the laboratory, the question arose as to the amount of residual free 
chlorine actually still present in the milks. A cursory examination of the 


* Present address: Biochemistry Department, Baylor University College of Medicine, Houston, Texas. 
™- aoress ..-* 22 ); A.O.A.C. Methods of Analysis, 6th ed. (1946), p. 317, 22.36-22.38, 


* U. S. Dept. Aar. Bull. 1114 (1922) . 

Hauser and King, This Journal, 28,417-24 (1945), 
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RESULTS OF RUPP TESTS 


Milk Kept at Room Temperature 


Ch ADDED 

■LAPSED 

TESTS 

(P.P4I.) 

TIME 

S 

b 

0 

d 

1000 

27 hrs. 

Pal© yellow 

Yellow 

Brown 

Dark blue 


50 hrs. 

— 

Pale yel. 

Brown 

Dark blue 


5 days 

— 

— 

Brown 

Dark blue 

500 

27 hrs. 

— 

Pale yel. 

Yel.-brn. 

Dark blue 


50 hrs. 

— 

— 

Yel.-brn. 

Dark blue 


5 days 

— 

— 

Yel.-brn. 

Dark blue 

200 

27 hrs. 

_ 

_ 

Yellow 

Dark blue 


50 hrs. 

— 

— 

Yellow 

Dark blue 


5 days 

— 

— 

Yellow 

Dark blue 

100 

EK9 

_ 

_ 

Pale yel. 

Dark blue 


mm 

— 

— 

Pale yel. 

Dark blue 


1 

— 

— 

Pale yel. 

Purple 


2 hrs. 

— 

Pale yel. 

Yellow 

Dark blue 


6 min. 

Very pi. yel. 

Pale yel. 

Yellow 

Dark blue 


18 hrs. 

— 

— 

Yellow 

Dark blue 


41 hrs. 

— 

— 

Yellow 

Dark blue 


4 days 

— 

— 

Yellow 

Dark blue 



_ 

Pale yel. 

Yellow 

Dark blue 


m 

— 

— 

Yellow 

Dark blue 

50 

6 min. 

— 

Very pi. yel. 

Yellow 

Dark blue 


18 hrs. 

— 

— 

Pale yel. 

Purple 


41 hrs. 

— 

— 

Pale yel. 

Purple 


4 days 

— 

— 

— 

— 


10 min. 

_ 

Pale yel. 

Yellowish 

Dark blue 


2 hrs. 

— 

— 

Yellowish 

Dark blue 


19 hrs. 

— 

— 

Yellowish 

Dark blue 

10 

6 min. 

— 

— 

Very pi. yel. 

Bluish 


18 hrs. 

— 

— 

— 

— 


41 hrs. 

— 

— 

— „ 

— 


4 days 

— 

— 

— 

— 

5 

6 min. 

— 

— 

— 

Pale purple 


18 hrs. 

— 

— 

— 

— 


41 hrs. 

— 

— 

— 

— 


4 days 

— 

— 

— 

— 
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mn 


Milk Kept in Refrigerator 


Cl| ADDSD 

1L4P8BD 

TX8TB 

(r^.K.) 

TIMS 

ft 

b 

0 

d 

100 

12 min. 

Pale yellow 

Pale yel. 

Yellow 

Dark blue 


1 hr. 

Pale yellow 

Pale yel. 

Yellow 

Dark blue 


2 hrs. 

— 

Pale yel. 

Yellow 

Dark blue 


6 hrs. 

— 

Very pi. yel. 

Yellow 

Dark blue 


1 day 

— 

— 

Yellow 

Dark blue 


2 days 

— 

— 

Yellow 

Dark blue 


3 days 

— 

— 

Yellow 

Dark blue 


5 days 

— 

— 

Yellow 

Dark blue 



— 

— 

Yellow 

Dark blue 


| hr. 

Pale yellow 

Pale yel. 

Yellow 

Dark blue 


21 hrs. 

— 

— 

Yellow 

Dark blue 

50 

R9| 

_ 

— 

Yellowish 

Dark blue 



— 

— 

Yellowish 

Dark blue 


3 days 

— 

— 

Yellowish 

Dark blue 

20 

1 hr. 

_ 

_ 

Yellowish 

Bl.-purple 


21 hrs. 

— 

— 

Yellowish 

Dark blue 


3 days 

— 

— 

Yellowish 

Dark blue 

5 

1 hr. 

— 

— 

Very pi. yel. 

Purple 


21 hrs. 

— 

— 

— 

— 


3 days 

— 

— 

— 

— 


literature did not shed any light on the question, and the experiments 
herein described were therefore undertaken. 

Random samples of raw market milk were used. The chlorine was added 
in the form of a commercial bleaching solution (Purex) containing, at the 
time of use, enough sodium hypochlorite to yield about 1.5 per cent of 
available chlorine. The Rupp test was performed as described in the 
A.O.A.C. Methods of Analysis. Residual chlorine was determined by ti¬ 
trating a 25 ml sample of the milk with 0.01 N sodium thiosulfate after 
the addition of 5 ml of 7% potassium iodide solution, in the presence of 
starch added near the end point. 

The residual chlorine of the milk decreased rapidly as shown in the 
tables. At a chlorine dosage calculated to produce 100 p.p.m. in the milk, 
the value dropped to zero in around a quarter of an hour. The response 
tq tests a and b decreased correspondingly; however, tests c and d, at this 
dosage, continued positive long after the residual chlorine, as indicated 
by the thiosulfate titration, reached zero. There was some falling off after 
several days at 50 p.p.m., and in a few hours at lower concentrations. 

The term “available chlorine” as used in the heading of the table inter- 
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TITRATION OF FREE CHLORINE 


Milk Kept at Room Temperature 

Milk Kept in Refrigerator 

Cl» ADDED ELAPSED Cl* FOUND 

(p.PJI.) TIME (PJM.) 

Cl* ADDED ELAPSED Oil POUND 

(p.P.lf.) TIME (PdPJi.) 

1000 31 nun. 244 

2} hrs. 167 

26 hrs. 7 

100 1 min. 14 

6 min. 17 

11 min. 7 

15 min. 4 

20 min. 3 

80 min. 1 

60 min. 1 

500 22 min. <150 

2J hrs. 87 

26 hrs. 0 

200 12 min. 41 

2} hrs. 14 

26 hrs. 0 

2 min. 17 

4 min. 15 

6 min. 14 

10 min. 11 

21 min. 8 

30 min. 8 

60 min. 3 

123 min. 0 

100 7 min. 17 

49 min. 0 

5 min. <24 

2 hr. 0 

50 2 min. 0 

1 min. 14 

1 hr. 0 

20 1 min. 0 

5 min. <10 

15 min. 0 

5 2 min. 0 


50 5 min. 0 

6 min. 0 

10 6 min. 0 

5 6 min. 0 


Note: Horixontal lines set off separate experiments. 


preting the reactions to the Rupp test (Methods of Analysis, 22.38) is 
apt to be misleading since the values given are for the amount of available 
chlorine which is present at the instant of its addition to the milk, rather 
than when the Rupp test is actually performed, perhaps much later. 
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A CRITICAL STUDY OF THE MODIFIED AYRE-ANDERSON 
METHOD FOR THE DETERMINATION OF 
PROTEOLYTIC ACTIVITY 1 

By Byron S. Miller (Federal Hard Wheat Quality Laboratory, Man¬ 
hattan, Kansas) 

The determination of proteolytic activity of flour and flour products 
is somewhat difficult because of the small amount of proteolytic enzymes 
present in these materials. A survey of the literature indicates that of all 
proposed methods the one by Ayre and Anderson (1), as modified by 
Landis (5) and Redfem (10), is the simplest and least troublesome. This 
procedure is based on the semi-autolytic digestion of the sample in the 
presence of an auxiliary substrate (Bacto-hemoglobin) at controlled 
temperature and pH. The hemoglobin provides additional readily attack¬ 
able protein material to supplement that present in the flour. The un¬ 
digested protein is precipitated with trichloroacetic acid after an initial 
short time as well as after a final long digestion period, and the unprecipi¬ 
tated non-protein nitrogen is determined by a Kjeldahl procedure. The 
increase in non-protein nitrogen determined from the two digestions is a 
measure of the proteolytic activity of the sample. 

Hildebrand (3) compared the Ayre-Anderson precipitation method 
with the Landis and Frey rate-of-gelation method (6) and found that 
both methods gave essentially similar results and had approximately the 
same experimental error and ability to differentiate between samples. 
The modified Ayre-Anderson method has been subjected to a collaborative 
study, and on the basis of this study Redfem (11) recommended that the 
semi-autolytic method be discontinued. The data from different labora¬ 
tories and those from the same laboratory obtained on different days 
showed poor agreement. The present investigation deals with the condi¬ 
tions necessary to provide a reproducible and convenient method of de¬ 
termining proteolytic activity based on a modified Ayre-Anderson pro¬ 
cedure. 

METHODS 

Digestion Procedure: A 5-g sample of flour is weighed into a 125 ml 
Erlenmeyer flask and to this is added 0.625 g (moisture-free basis) of 
Bacto-hemoglobin. 2 The mixture is agitated by rotating the flask until the 
flour and substrate are intimately mixed. This procedure facilitates com¬ 
plete suspension of the hemoglobin and flour. A volume of 25 ml of at¬ 
tempered 0.1 M sodium acetate-0.1 M acetic acid buffer solution at pH 
4.7 is added. After agitation and stirring with a glass rod until a uniform 

1 Cooperative investigations between the Division of Cereal Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Rceearch Administration, U. S. Department of 
Agriculture, and the Department of Milling Industry, Kansas State College. Published as Contribution No. 
137, Department of Milling: Industry, Kansas Statei College. 

• Tlie hemoglobin used in these studies was obtained from the Difoo Laboratories, Detroit, Michigan. 
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suspension is obtained, the flask is tightly stoppered and placed in an 
automatic shaking device fitted in a constant temperature water bath 
held at 40.0±0.1°C. The automatic device is not absolutely essential, 
however, since manual agitation of the digestion flasks each hour gave 
results identical to those obtained by employing continuous agitation. 

A separate flask corresponding to a single proteolytic determination is 
used for each point of activity. After a definite reaction time five ml of 
36% trichloroacetic acid is added to each flask and shaken in the bath 
for an additional five minutes. The contents of each flask are then poured 
into a centrifuge tube and centrifuged for five minutes at 1,800 r.p.m. 
The centrifugate is filtered through filter paper and the solid residue is 
discarded. A 5-ml portion of this solution is pipetted directly into a Kjel- 
dahl flask and analyzed for nitrogen. A precipitation is made on each sam¬ 
ple after 15 minutes of digestion, which takes the place of a blank deter¬ 
mination. This time is sufficiently long to allow the original soluble con¬ 
stituents of the flour time to dissolve completely. The final digestion peri¬ 
od is for five hours. 

Kjeldahl Procedure: The standard Kjeldahl-Gunning method (7) is 
used; however, a digestion time of 20 minutes is sufficient. Each still is 
checked for leaks and duplicability by digesting aliquots of ammonium 
oxalate solution. A definite volume of water (350 ml) is used to dilute the 
acid and is added in such a way as to wash down all of the trichloroacetic 
acid which has condensed in the neck of the flask during the digestion 
process. The concentrated alkali is also added in such a manner as to 
lave the neck of the flask and thus neutralize any portions of acid remain¬ 
ing on the neck of the flask. The unneutralized standard acid is back- 
titrated with 0.0714 N sodium hydroxide. 

Calculation of Activity: Proteolytic activity is calculated on the basis of 
milligrams of non-protein nitrogen released by the enzymes in 10 g of 
flour. The back-titration value for the five-hour digestion is corrected by 
subtracting from it the back titration volume for the 15 minute digestion. 
This difference represents the arbitrary proteolytic activity and is trans¬ 
lated into mg N produced from the 5-g sample. This value is further cor¬ 
rected to show the non-protein nitrogen released from a 10-g sample of 
flour on a 14 per cent moisture basis. 

RESULTS 

The Use of Various Concentrations of Hemoglobin .—Bacto-hemoglobin 
of the “Difco” brand used for this work is prepared from defibrinated 
beef blood by washing the cells with a saline solution prior to desiccation. 
Other commercial hemoglobins are prepared from unwashed cells or from 
whole blood and are not suitable for this work. Samples from different 
lots of “Difco* hemoglobin vary only slightly in their availability to pro¬ 
teolytic action, as is indicated by the data in Table 1. The standard devia- 
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Table 1 . —Replicability of proteolytic activity determinations using 
different lots of Bacto-hemoglobin 


FLOUR 

HEMOGLOBIN 

PROTEOLYTIC 

STANDARD 

MEAN 

activity 

DEVIATION 

Commercial patent 

Lot no. 

A 

Mg nitrogen/10 
g flour 

18.2 



u u 

B 

18.7 



a u 

c 

18.7 



u a 

c 

18.2 



u U 

D 

19.9 

0.7 

18.7 

Malted wheat flour 

A 

50.9 



a u u 

B 

50.3 



u u a 

c 

50.3 



u a u 

c 

49.7 



u u a 

D 

50.9 

0.5 

50.5 


tion is presented for both flours. Each sample was weighed on a moisture- 
free basis and treated like all the others in every respect. 

The quantity of the auxiliary substrate influences the extent of proteo¬ 
lytic action up to a certain limit. The minimum amount on the moisture- 
free basis was determined to be 2.5 per cent. As will be seen in Figure 1, 
further additions of hemoglobin did not increase the non-protein nitrogen 
released. 



amount of Bacto-hemoglobin present. 

Digestion Temperature .—The temperature of digestion has a pro¬ 
nounced effect on the amount of soluble nitrogen containing compounds 
produced. Previous workers have generally used temperatures from 37° to 
45°C in determining proteolytic activity. The data in Figure 2 indicates 
that the greatest activity in wheat flour is attained at approximately 
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AC 



Fig. 2.—Proteolytic activity as influenced by digestion temperature, 

40°C, but malted wheat flour appears to have an optimum beyond 50°C. 
A temperature of 40°C was used in this investigation for the standardized 
procedure. 

Digestion Time .—The amount of proteolysis was determined for malted 
wheat flour and a commercial patent flour over periods varying from 5 
minutes to 8 hours. These results are presented in Figures 3 and 4. No 
particular advantage is gained by allowing the reaction to progress be¬ 
yond five hours; furthermore, this time period fits well into an experimen¬ 
tal day. 



Fig. 3.— Proteolytic activity during the initial period of digestion. 
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The time required for the initial soluble unprecipitable nitrogen prod¬ 
ucts to go into solution was arbitrarily selected from Figure 3 as fifteen 
minutes. The blank determination is then the titration value obtained 
from this 16 minute digestion and the empirical measure of proteolytic 
action is the difference between the value for the five hour digestion and 
the 16 minute digestion. 

Influence of pH .—The effect of pH on the proteolytic activity of both 


O 



Fia. 4.—Proteolytic activity as influenced by long-time digestion. 


malted wheat flour and commercial flour was determined by using a 
five-hour digestion period at 40°C with 2.5 per cent hemoglobin. The vari¬ 
ous pH values were maintained by using variations of the 0.1 Jlf sodium 
acetate-acetic acid buffer. The pH readings were checked at the beginning 
and end of each digestion; no changes in pH were observed. In the case of 
both flours the optimum pH under the conditions studied was approxi¬ 
mately 3.5. This low optimum value does not appear to be due to acid 
denaturation of the substrate, since an aliquot of hemoglobin treated with 
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2 3 4 5 6 7 

pH 


Pig. 5.—Proteolytic activity as influenced by pH. 

strong acid and later adjusted to a pH of 4.7 and used as a substrate gave 
a duplicate result to an aliquot adjusted to a pH of 4.7 without acid treat¬ 
ment. The results of the pH study are shown in Figure 5. 

Buffer solutions of different composition yield decidedly different results 
even at the same pH values, as indicated in Table 2. This may be due, as is 
indicated by previous workers, to an inhibitory effect of certain ions. The 
present work as well as data by other workers indicates that both the 
chloride and citrate ions have a detrimental effect on proteolytic activity. 

Influence of Trichloroacetic Add Concentration .—The concentration of 
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Table 2. —Effect of different buffers on the proteolytic activity during a 
five-hour digestion period at 40° C 


Burns 

pH 

FLOCK 

PROTKOLYTIG 

ACTIVITY 




Mg nitrogen 

0.1 M NaAc-0.1 M HAc 

4.7 

Over-malted 
wheat flour 

10 g flour* 

183.6 

0.12 M NaAc-0.08 M HAc-0.2 M NaCl 

4.8 

Over-malted 
wheat flour 

154.8 

0.24 M NaAc-0.16 M HAc-0.4 NaCl 

4.8 

Over-malted 
wheat flour 

130.8 

0.25 M Na Cit-0.25 M HC1 

4.8 

Over-malted 
wheat flour 

129.6 

0.1 M NaAc-0.1 M HAc 

4.7 

Malted wheat 
flour 

76.2 

0.2 M NaAc-0.2 M HAc 

4.7 

Malted wheat 
flour 

76.2 


* These values are for the five-hour digestion and are not oorrected for the blank. 


trichloroacetic acid used as the precipitating agent for the undigested pro¬ 
tein nitrogen plays a distinct role in the results obtained. As is indicated 
by Figure 6, a minimum of 6 per cent by weight of acid is necessary to pre¬ 
cipitate the maximum amount of protein nitrogen present. 



p ia# —The relationship of the amount of total protein precipitated to the 
per cent (by weight) of trichloroacetic acid used. 
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Replication of Results .—Results obtained on a commercial flour and on 
a malt flour are tabulated in Table 3. Each result was obtained on a dif¬ 
ferent day. The standard deviation is shown for each flour. 


Table 3. —Replicability of results obtained on separate days 
using the same experimental conditions 


VLOVB 

TRILL 

PBOTBOLTTIO 
AOTrVTTT j 

STANDARD 

DEVIATION 

MEAN 



Mg nitrogen/10 g flot 

it 


Commercial patent 


18.7 



u a 


20.4 



u u 


18.2 



u u 


19.3 



« u 

5 

19.3 



u a 

6 

18.7 



u u 

7 

19.3 



u u 

8 

18.6 



u u 

9 

19.6 

0.65 

19.0 

Malted wheat flour 


50.3 



« u a 


50.3 



u u u 


49.2 



u a u 


49.7 



a « « 

5 

49.7 

0.47 

49.8 



Fig. 7. —Proteolytic activity as influenced by enzyme concentration. 
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Proteolytic Activity as Influenced by Enzyme Concentration .—Figure 7 
shows the relation of the amount of enzyme present to the amount of 
soluble nitrogen liberated during the usual five-hour digestion period. 
Since an excess of hemoglobin substrate is present, the addition of various 
amounts of flour with proportionate variation in protein content is of no 
consequence. 

DISCUSSION 

It is hoped that the studies reported here will lend confidence to the 
modified Ayre-Anderson method of determining proteolytic activity. 
An effort has been made to adapt the method to levels of activity varying 
from that of commercial bread flour to that of malted wheat flour. 

Bacto-hemoglobin, unlike casein and gelatin, is a reproducible sub¬ 
strate. Different lots of hemoglobin are digested at the same rate by a given 
proteinase solution. Even when peptidase is present in addition to pro¬ 
teinase, Anson (2) states that the formation of products not precipitable 
by trichloroacetic acid is due as far as is known to proteinase action alone. 

Previous workers (4, 8, 9) have found that the pH optimum for the 
proteolytic enzyme system in flour and wheat germ varied with the differ¬ 
ent proteins used as substrates. Howe and Glick (4) found the pH opti¬ 
mum to be 5.0 for the enzymes in whole wheat, germ, clear, and patent 
flours, with and without the addition of casein as an auxiliary substrate. 
In papers dealing with the proteolytic enzymes of sprouted wheat, Moun- 
field (8, 9) observed a pH optimum of 4.1 when edestin was used as an 
auxiliary substrate, 5.1 when gelatin was used, and 6.0 when an acetic 
acid dispersion of gluten was added. The present work indicates an opti¬ 
mum pH of 3.5 when Bacto-hemoglobin is used as the auxiliary substrate. 
Considering this variability of pH optimum and the possibility of hemo¬ 
globin denaturation at a pH of 3.5, it was decided to employ an arbitrary 
pH of 4.7 in the present investigation. This pH is within the normal 
operating range of enzymes in the natural state and can be maintained by 
a sodium acetate-acetic acid buffer system which has non-inhibitory ions. 
The buffer system proposed by Landis (5) contained chloride ions w r hich 
are shown to be inhibitory to proteolytic action. 

The greatest proteolytic activity occurred at a temperature of 40°C 
for patent flour, while a temperature of above 50°C provided the maxi¬ 
mum activity for malted wheat flour. A standard arbitrary temperature 
of 40°C was adopted for this study as was suggested by Landis (5); other 
temperatures are, however, equally adaptable. 

Relatively few operational changes in the method as modified by Landis 
(5) and Redfem (10) were made. The dry hemoglobin is added to individ¬ 
ual reaction flasks instead of being added as a suspension of hemoglobin 
and buffer, in order to insure a more uniform and complete suspension of 
flour and substrate. A 125 ml Erlenmeyer flask was more adaptable to the 
reaction volume. The blank digestion time has been arbitrarily reduced 
from 25 minutes to 15 minutes on the basis of the curves in Figure 3. 
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In view of past criticism of this method it is necessary to stress certain 
precautions which this study has shown to be necessary in order to obtain 
satisfactory results. Most, if not all, of the difficulty in replication of re¬ 
sults within a single laboratory and between collaborators is possibly due 
to differences in carrying out the Kjeldahl procedure. Prior to distillation 
of the digested mixture it is essential that all of the trichloroacetic acid 
which has volatilized and deposited on the neck of the flask during the 
digestion period be washed down into the solution where it can be neutral¬ 
ized by the sodium hydroxide. Even then a small portion of the trichloro¬ 
acetic acid distills over into the receiver acid. This is compensated for, 
however, by subtracting the value for the 15-minute digestion from that 
for the five hour digestion since the same quantity of trichloroacetic acid 
is evolved in both cases. 

Each Kjeldahl still should be carefully checked for leaks by distillation 
of a known quantity of nitrogen containing salt. Only those stills giving 
results which agree with the theoretical values should be used. 

A consideration of Figure 7 indicates that the proteolytic activity for 
malted wheat flour is not directly proportional to the quantity of enzyme 
used in the experimental determination. Further, Figure 4 indicates that 
the proteolytic activity for this type of flour is not linearly related to the 
time used for digestion. The enzyme-substrate reaction is thus not a zero 
order reaction, in the case of malted wheat flour, and precludes the deter¬ 
mination of specific proteolytic activity independent of time and quantity 
of enzyme. Similar curves are shown by Anson (2) for pepsin, trypsin, 
papain, and cathepsin. Figures 4 and 7 indicate essentially a zero order 
reaction for ordinary patent flour under the conditions of this experiment. 

Relative proteolytic activities, however, are readily obtainable provided 
the conditions of the experiment are rigidly defined. Various patent flours 
produce curves which parallel closely the one shown in Figure 7. Thus 
relative proteolytic activity of a series of flours may be determined by 
comparing the mg of soluble nitrogen produced under specified conditions 
by a given quantity of these flours. 

By using smaller quantities of substances having extremely high proteo¬ 
lytic activity, values may be determined for such substances as bran or 
germ fractions. Likewise, an accurate measurement of the activity of puri¬ 
fied proteolytic enzymes is possible. In all cases it is necessary that the 
quantity of proteolytic enzymes is such that the amount of Bacto-hemo- 
globin present is not a limiting factor in the results obtained. For example, 
it is necessary to use no more than 25 mg of mold bran with the ordinary 
2.5 per cent hemoglobin suspension in evaluating the proteolytic activity 
of mold bran preparations. A curve similar to that shown in Figure 1 
should be obtained prior to evaluating the proteolytic activity of any 
substances other than flour or malted wheat flour. 

It is frequently convenient, especially when the proteolytic activity is 
high, to use an extract of the material being analyzed rather that a quan- 
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tity of the solid material itself. In order to get complete suspension of the 
hemoglobin in such cases it is necessary to add approximately three grams 
of finely divided pumice or sand to the dry hemoglobin prior to the addi¬ 
tion of liquid. In this case a more concentrated solution of trichloroacetic 
acid must be added at the end of the digestive period in order to limit the 
volume to 30 ml. 

SUMMARY 

The modified Ayre-Anderson method for the determination of proteo¬ 
lytic activity has been critically studied to determine the effects of various 
conditions on the results obtained. A patent flour and a malted wheat 
flour have been investigated. 

A concentration of 2.5 per cent (dry weight basis) Bacto-hemoglobin 
was shown to be sufficient for levels of proteolytic activity as high as those 
found in malted wheat flour. 

The activity of patent flour proteinase reached a maximum at 40°C. 
For malted wheat flour the optimum temperature was above 50°C. 

The optimum pH for digestion was shown to be approximately 3.5 for 
both patent flour and malted wheat flour when using Bacto-hemoglobin 
as an additional substrate. 

The use of at least 6 per cent (by weight) trichloroacetic acid as a pre¬ 
cipitating agent of proteins is required, and certain precautions necessary 
in the Kjeldahl determinations of the soluble nitrogen components are 
indicated. 

The level of precision obtained with substances having high or very 
low proteolytic activity appears to be satisfactory if the conditions herein 
described are maintained. 

The method is adaptable to the determination of proteolytic activity in 
bran and germ fractions or purified proteolytic enzymes. 
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A MICROCHEMICAL SPOT TEST FOR MAMMALIAN 
URINE CONTAMINATION ON FABRICS 

By N. H. Ishler, Katherine Sloman, and Mary E. Walker (General 
Foods Corporation, Central Research Laboratories, 

11th & Hudson Streets, Hoboken, New Jersey) 

Before the 6th edition of the A.O.A.C. Methods was received, this 
laboratory was requested to recommend a satisfactory method of con¬ 
firming the evidence of fluorescence on flour bags by a microchemical type 
of test which should be specific for urine. 

Attempts were made to develop a spot test type of reaction for well 
known constituents of urine, such as creatinine and urea. Direct chemical 
methods such as the familiar Biuret test for urea and the Weyl nitroprus- 
side test (1), for creatinine, as applied directly to fabric, were unsuccessful. 
Evolution of ammonia from urea by urease and its detection by means of 
a sensitive manganese nitrate-silver nitrate impregnated paper (2) gave 
very satisfactory results and provided a rapid and sensitive test for urea. 
Upon receipt of the 6th edition of the A.O.A.C. Methods (3), it was con¬ 
sidered desirable to make a comparison between the published methods 
and that developed in this laboratory as to dependability, sensitivity, and 
ease of manipulation. The new method is described in detail, followed by 
comparison with the A.O.A.C. procedures. 

EXPERIMENTAL 

REAGENTS 

Urease Soln. —A 10% slurry of Jack Bean Meal in water is prepared and allowed 
to settle a few minutes; the supernatant liquid is used as urease soln. This slurry 
may be stored for as long as a week in a refrigerator without apparent loss of ef¬ 
fectiveness. 

Manganese Nitrate-Silver Nitrate Soln (2).—14 ml of 50% soln of Mn(NO*)j 
are made up to 100 ml; add this soln to a soln of 4.0 g of AgNO* made up to 100 ml. 
Neutralize the combined solns with 0.1 N NaOH until a black precipitate first forms. 
Filter, and store filtrate in dark reagent bottle. 

Filter Paper Impregnated with Manganese-Silver Soln .—Coarse filter paper is 
soaked in the neutralized Mn(NOi) a -AgN0 8 soln and dried quickly on the metal 
surface of a steam bath heated to approximately 100°C. (Samples of this paper 
stored for one week in a clean bottle in the dark developed brown stains. These did 
not interfere with the operation of the test. However, it is considered desirable to 
prepare a fresh supply, rather than to use paper stored longer than one week). 

METHOD 

Prior to applying the spot test, outline with a pencil on the fabric, a stain sus¬ 
pected of being due to urine, while observing its fluorescence under ultra-violet 
irradiation. If the stain is clearly visible under ordinary illumination, this step will 
not be necessary. Apply two to four drops of urease soln to the stained area of the 
cloth and allow to soak in for 5-10 seconds. Then place the cloth on the surface of a 
heated steam bath, and immediately place over it a piece of impregnated paper so 
that the paper is wetted by the damp area of the cloth. Maintain a firm contact by 
laying a piece of glass stirring rod across the moistened area and pressing firmly. If 
the stain was due to urine, a black spot appears on the filter paper in about thirty 
seconds. 
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Ammonia vapor in the laboratory should be avoided during the running 
of the test. The color development characteristic of ammonia is suffi¬ 
ciently rapid so that there is little likelihood of a false indication from this 
source. However, a sensitized paper placed beside the specimen under test 
serves to indicate the possibility of error. 

Some heavily sized fabrics may cause difficulty with this test because 
of the inability of the urease solution to wet and penetrate the fabric. It 
has been determined that 0.1 per cent of a wetting agent such as Nac- 
conol (National Aniline) added to the urease solution to aid penetration 
will neither give a false positive reaction in the absence of urine nor pre¬ 
vent the usual color development when urea is present. 

Experiments showed that the procedure described above still gave a 
positive indication of the presence of urine on cloth powdered with grain 
products such as oatmeal, corn meal, fine wheat flour and “all purpose” 
flour. These grain products did not give a false positive reaction when 
urine was not present. 

Sulfides (K 2 S was used) can produce a black stain when direct contact 
with the paper is maintained. Sucrose and dextrose do not interfere, but 
molasses contains reducing substances which give a false positive re¬ 
action. 

In the presence of either sulfides or strongly reducing organic materials, 
a false indication may be avoided by supporting the impregnated paper 
above the sample on two horizontal stirring rods placed an inch or so 
apart on the cloth. The test may be performed entirely satisfactorily in 
this manner, but the time required for development of a black stain due 
to urine is approximately doubled. Wetting the sensitized paper retards 
the test still further. No substance likely to be encountered in fabrics has 
been found to prevent a positive reaction when urine was present. 

COMPARISON OF METHODS 

The A.O.A.C. Methods were followed in order to form an estimate as 
to relative advantages of any one method. 

The “Urease Test for Urea” (42.98, A.O.A.C., 6th Ed.) depends on the 
evolution of ammonia from urea by the action of urease as does the spot 
test here described. The ammonia is then detected by the formation of 
(NH^PtCle. This test was also found to be valid in the presence of 
grain materials likely to be encountered in flour sacking. 

The “Xanthydrol Test for Urea” (42.99, A.O.A.C., 6th Ed.) depends 
on the formation, and microscopic examination, of xanthydrol urea. We 
used Eastman Xanthydrol #1559 for this test, and obtained a positive 
reaction, as evidenced by the characteristic star shaped crystals, even 
when urea was not present. No attempt was made to further purify the 
xanthydrol to determine whether the false positive test could be elimi¬ 
nated. 

The method “Extraction of Urea and Crystallization of Urea Nitrate” 



672 ABSOCUTtOK 07 OFFICIAL AGRICULTURAL CHEMISTS [V61. SO, Nti. 4 


Table 1 . —Comparison of method* 


TIST 

A.OA.C. Eat. 

8th so. (194ft) 

MDflXUM OOtfO. Of fJlSA TO 



mc 

per Mat 

i win 

Urease Test for Urea 

42.98 

0.05 

12 

Xanthydrol Test for 
Urea 

42.99 

Gives positive .reaction 
with clean cloth 

— 

Extraction of Urea and 
Crystallization of Urea 
Nitrate 

42.100 

Characteristic urea crys¬ 
tals but not any urea ni¬ 
trate crystals 

—* 

Microchemical Spot Test 

— 

0.01 

0.5 


(42.100, A.O.A.C., 6th Ed.) was found to be satisfactory, producing char¬ 
acteristic needle shaped crystals of urea by extraction with alcohol and 
acetone. However, it was found difficult to convert these crystals to a 
recognizable form of urea nitrate as described in the A.O.A.C, procedure. 

Aqueous solutions of 1.0, 0.1, 0.05, 0.025, 0.01, and 0.005% urea were 
prepared. Samples of fabric were spotted with four drops of each the 
urea solutions. After drying, the spotted areas were tested by the A.O.A.C. 
procedures as well as by the proposed spot test. The results are recorded 
in Table 1. The time required by the new method for a positive reaction 
(and hence the likelihood of extraneous contamination) is less, and the 
sensitivity to small amounts of urea is greater, under the conditions of 
this test, than in the “Urease Test for Urea.” 

SUMMARY 

A new spot test is described for the identification of urine stains on 
fabrics such as flour sacking. The method is rapid, simple, and dependable. 
Unusually low concentrations of urea produce a definite positive reaction. 
Excessive ammonia fumes in the laboratory must be avoided since the 
test depends on the evolution of ammonia by the action of urease on urea 
present as a constituent of the urine stain. The ammonia is detected by 
the black stain produced by its reaction with manganese-silver impreg¬ 
nated paper in close contact with the test specimen. 
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ASCORBIC ACID IN GRAPEFRUIT JUICE, ORANGE 
JUICE, AND THEIR BLENDS: 1943 

By J. W. Sale, et al * (Food and Drug Administration, Federal Security 
Agency, Washington 26, D. C.) 

In 1943 the Food and Drug Administration determined ascorbic acid 
retention during manufacturing and storage, in grapefruit juice, orange 
juice, and their blends, following the same general procedure used for 
tomatoes and tomato juice (1). Volatile oil, suspended matter, acidity, 
pH, soluble solids, consistency, and other ingredients or properties were 
also determined in the canned juices. Since that work was done, other 
investigators (2), (3), (4) have reported their findings on work conducted 
along similar lines. 

Ascorbic acid retention during manufacturing was ascertained by col¬ 
lecting samples of juices in the factories at various stages of manufacture, 
taking them to the titrating table in the factory, and immediately deter¬ 
mining their ascorbic acid content. Usually, during a day’s visit to a fac¬ 
tory, three series of four samples each were collected at the following 
sampling places: (1) after extraction; (2) after screening; (3) after pasteur¬ 
ization; (4) after closing can. Also, some samples were collected and ti¬ 
trated after deaeration. After the completion of a series, enough additional 
sealed cans of the juices were collected in succession from the production 
line to furnish samples for later chemical analysis including the determina¬ 
tion of ascorbic acid retention. Retention was ascertained by determining 
ascorbic acid, usually in three duplicate cans, after each period of storage 
(3, 6, 9, and 12 months) at room temperatures, in Atlanta, in Houston, 
and in Los Angeles. 

Ascorbic acid was determined by the 2,6-dichlorophenolindophenol 
titration method described by Hall (5). The samples were filtered through 
well-washed cheesecloth, discarding first portion of filtrate. Two portions, 
of 4 or 5 ml each, of the juices were pipetted into an equal volume of the 
metaphosphoric-acetic acid reagent and each portion was rapidly titrated 
with the dye. The dye was standardized daily with the purest ascorbic 
acid obtainable, usually Eastman catalogue No. 4640. Ascorbic acid pu¬ 
rity was determined by titration with iodine standardized against National 
Bureau of Standards AsaOs. 

Table 1 deals with the scope of the work, and Tables 2, 3, and 4 contain 
such of the data as appear necessary to establish the range of factory and 
storage losses of the various citrus juices investigated. A flow diagram of 


* The work wu directed and participated in by the author of record, assisted by Dr. R. A. Osborn of 
the Food Division (W. B. White, Chief); and the following chemists and inspectors made very material 
contributions: 

Armstrong, J. F. Harris, M. Rents, M. O. 

Badger, C. H. Holliday, D. J. Rynerson, G. W. 

Born, R. B. Koelsche. C. L. Sanders, J. W. 

Durrenberger, W. R. Lint, H. L. Wilson, J. B. 

Fowler, G. R. Moses, W. R. Winkler, W. O. 
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the manufacture of orange juice and grapefruit juice has been published 
(6), and might 'well be consulted in connection with this report. 

Data on factory equipment and manufacturing processes were recorded 
but, because of the confidential nature of much of that information, are 
not here included. Source and variety of fruit were noted. The basic data 


Table 1 . —Scope of investigation in 1943 
(Exclusive of data in Tables 5 and 6) 










Table 2. —Retention of ascorbic add in canned grapefruit juice (27 factories) 
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1 Data on juice before screening, after pasteurising and at other intermediate steps in manufacturing'are not included because of small “over-all” loss, and to save 

* 1942. 

• Cans from 3 series intermingled. 

4 A fourth series was run; screened juice, 45.3; per cent retained, 100.0. 













Table 3. —Retention of ascorbic acid in canned orange juice (17 factories ) 
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1 Data on juice before screening, after pasteurising, and at other intermediate steps in manufacturing, axe not included because of “over-all” low, and to save spues. 



















Table 4. —Retention of ascorbic acid in canned sweetened blends of grapefruit juice and orange juice (4 factories ) 
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Data on juice before screening, after pasteurising, and at other intermediate steps in manufacturing, are not included because of small “over-all” loss and to save space. 
Fruit mixed 50-50 on belt instead of blending juices. 



Table 5. —Per cent oft, suspended matter, and insoluble solids in factory and 
warehouse samples of grapefruit juice, orange juice , and Mends. 
Collected and examined 1942 and 1943 
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recorded in Tables 2, 3, and 4. Such apparent gains are not unusual (5) 
in an investigation of this kind when the overall losses in the ascorbic acid 
content are small and the fruit being processed during the sampling opera¬ 
tion varies with respect to source (such as stored packing house culls, 
freshly picked orchard run fruit, etc.), size, maturity, irrigation practice, 
and perhaps in other ways which may affect the ascorbic acid content. It 
was not possible to maintain exact identity of the juice at different stages 
in the manufacturing process, even though the times of sampling were 
planned to conform as nearly as possible to the rate of flow of the juice 
being processed. However, it is hot believed that the variations due to this 
cause materially affected the overall averages of ascorbic acid retention 
recorded in the summaries in Tables 2, 3, and 4. Those averages check 
corresponding data reported in similar investigations (3) (4). We were not 
in a position to make an intensive study of each factor affecting the as¬ 
corbic acid content of the fruit being processed, nor was it considered that 
an extensive statistical study of the data was justified. 

The percentages of ascorbic acid retained on storage, recorded in 
Tables 1, 2, 3, and 4, indicate that each of the citrus juices investigated 
retain about the same percentages of ascorbic acid on storage. 

Sixty-eight factory and warehouse samples in sanitary cans (30 orange 
juice; 32 grapefruit juice; 6 blends) were collected in 1942 and 1943 and 
examined for ascorbic acid, volatile oil, soluble solids (by hydrometer, 
by refractometer, and by drying), insoluble solids by drying, suspended 
matter by centrifuging, acidity, pH, consistency, visible defects, flavor, 
dimensions of can, vacuum in inches, and fill of container. Soluble solids 
by drying and insoluble solids were not determined on all samples. For 
brevity, we are recording in Table 5 only the results on oil, suspended 
matter, and insoluble solids. The other data can be consulted in our files. 

The data in Table 5 are largely self-explanatory. It is not claimed that 
they necessarily reflect trade practice. The average percentages of oil are: 
grapefruit juice 0.010%; orange juice 0.016%; blends 0.023%. The Cali- 


Table 6. —Texas grapefruit juice , 89 samples , early 1948 



on* 

BUS FUNDED 

ASCORBIC 


matter 

ACID 


Per cent 

Per cent 

Mg per 100 ml 


Unsweetened , 86 samples (19 factories) 


Minimum. 

0.002 

3 

32.0 

Maximum. 

0.029 

10 

45.2 

Average. 

0.014 

6 

37.8 


Sweetened , 8 samples (1 factory) 


Minimum. 

0.007 

7 ! 

31.6 

Maximum. 

0.026 

10 

37.2 

Average. 

0.015 

S I 

35.0 
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fomia orange juices averaged 0.009% oil, and the Florida orange juices 
0,026%. 

Also, in January and February, 1942, 39 samples (36 unsweetened; 
3 sweetened) of production line and warehouse samples of Texas grape¬ 
fruit juice in sanitary cans were collected. These were analysed in Febru¬ 
ary and March of that year for soluble solids by refractometer and 
hydrometer, acidity, suspended matter, ascorbic acid, volatile oil, and pH. 
For brevity, only a part of these data is summarised in Table 6. 


SUMMARY 

(1) The average amounts of ascorbic acid in screened citrus juices and 
the average percentages retained during manufacture in 529 samples from 
41 factories (925 determinations) were: 


Kind 


Grapefruit juice 
Orange juice 
Blends 


Average ascorbic acid 
screened juice 
(Mg per 100 ml) 


Per cent 
ascorbic acid 
retained 


41.1 

50.6 

45.0 


97.7 

98.3 

97.6 


(2) The average percentages of ascorbic acid retained during storage 
at room temperatures, in 51 samples of citrus juices, were: 

Per cent ascorbic add retained 


Months 

stored 

Grapefruit 

juice 

Orange 

juice 

Blends 

3 

94.5 

92.5 

93.3 

6 

85.4 

85.3 

86.1 

9 

78.7 

80.1 

77.9 

12 

73.1 

75.0 

72.2 
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DETERMINATION OF PHENOTHIAZINE IN 
MEDICINAL PREPARATIONS 

By Vincent E. Stewart (Food and Drug Laboratory, State of Florida, 
Department of Agriculture, Tallahassee, Florida) 

Methods for the determination of phenothiazine in medicinal prepara¬ 
tions were reviewed, and published methods were investigated, by Stew¬ 
art (1). 

A collaborative study of the colorimetric method, by oxidation with 
bromine, was reported by Stewart (2), and two of the collaborators, Mc- 
Closky and Smith (3) studied the use of colored filters in this determina¬ 
tion. The method was adopted as a tentative procedure in the Methods of 
Analysis (4). Payfer and Marshall (5) reported a gravimetric method for 
the determination of phenothiazine in which the phenothiazine is precipi¬ 
tated as Pt(C 1 2 H fl NS) 2 Cl 4 by means of chloroplatinic acid. 

The gravimetric method of Payfer and Marshall has been studied with 
the purpose of determining whether it is suitable as an adjunct to the 
present A.O.A.C. tentative method or whether it could be used to replace 
this method. The method was found to be satisfactory as described; how¬ 
ever, it was found possible to so modify the method as to simplify the 
procedure and improve the accuracy, by the use of larger volumes. 

The method described by Payfer and Marshall requires the weighed 
sample to be extracted in a Soxhlet extractor with alcohol (95 per cent). 
Alcohol is a relatively poor solvent for phenothiazine, whereas acetone is 
a good solvent. The National Formulary (6) states that one gram of phe¬ 
nothiazine dissolves in about 75 ml. of alcohol or in 5 ml. of acetone. The 
reaction of phenothiazine with chloroplatinic acid proceeds as well in 
acetone solution as it does in alcohol solution. When using acetone as the 
solvent for phenothiazine, solution can be effected merely by stirring the 
finely ground sample with the solvent, thus eliminating the Soxhlet ex¬ 
traction. It is possible to eliminate the Soxhlet extraction when using 
alcohol as the solvent, provided that the sample is thoroughly shaken 
with the alcohol, e.g. y about £ hour in a mechanical shaker; and that the 
amount of phenothiazine is well below the maximum amount which can 
be dissolved by the alcohol. However, the ready solubility of phenothia¬ 
zine in acetone obviates these difficulties. 

Chloroplatinic acid solution can be prepared by the A.O.A.C. method 
which is used in preparing this reagent for the determination of potash 
by the Lindo-Gladding method. A solution containing the equivalent of 
2.0 g platinum in 100 ml is satisfactory. Since an excess of hydrochloric 
acid in the reagent appears to have no effect on the determination, the 
hydrochloric acid need not be completely eliminated from the reagent. 

Payfer and Marshall did not report any results obtained when the 
method was used with a pure grade of phenothiazine. In order to investi- 
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gate the reliability of the method the best grade of phenothiarine obtain¬ 
able was repeatedly recrystallized from toluene, using activated charcoal, 
washed with petroleum ether, and dried in the oven at 100°C. The assay 
of this material was well within the limits of accuracy of the method. 

METHOD 

Powder the sample in a mortar if not already in the form of a powder. Weigh 
a portion of the sample equivalent to about 0.4 to 0.5 gram of phenothiazine in a 
50 ml beaker. Stir the weighed portion thoroughly with acetone and pour the liquid 
through a retentive filter paper ( e.g. t Whatman #5), collecting the filtrate in a 100 
ml volumetric flask. Continue to wash the residue in the beaker, and the filter, 
with small portions of acetone until the volume of the filtrate is nearly 100 ml, then 
dilute to volume with acetone. Transfer, by means of a pipet, a 25 ml aliquot of the 
acetone solution to a 100 ml beaker and add 7.0 ml of the chloroplatinic acid 
solution (which contains the equivalent of 2.0 g Pt in 100 ml). Stir the soln thoroly, 
add 15 ml of water with stirring and allow to stand several minutes. Filter the green 
precipitate on a fritted glass crucible (Porosity F), or a Gooch crucible with a tightly 
packed asbestos mat. Wash the precipitate into the crucible with acetone and scrub 
the beaker with a rubber policeman. Wash the precipitate in the crucible with sev¬ 
eral small portions of water and finally with acetone. Dry the crucible to constant 
weight in the oven at 100°C. 

Wt. of precipitate X0.5416 »wt. of phenothiazine 

Each ml of the chloroplatinic acid solution is theoretically equivalent 
to about 41 mg of phenothiazine, but it is best to use a considerable excess 
of chloroplatinic acid solution in order to assure quantitative precipitation 
of phenothiazine. The filtrate should be yellowish-orange in color. The 
presence of a greenish coloration or a precipitate in the filtrate indicates 
that an insufficient amount of chloroplatinic acid, or of water, was added. 

DISCUSSION 

Several phenothiazine preparations, including both commercial prep¬ 
arations and mixtures of phenothiazine with various excipients prepared 
in the laboratory, were analyzed by the above method and by the colori¬ 
metric method described in Methods of Analysis (4). These samples were 
in most instances portions of samples which were analyzed by collaborat¬ 
ors in the previous investigation of the colorimetric method (2). They 
included mixtures of phenothiazine with starch, lactose, and talc, two 
brands of commercial tablets, and two brands of commercial phenothia¬ 
zine powder. The results obtained by the two methods agree very well. 
For example, a sample of medicinal grade phenothiazine, when analyzed 
by this method, gave the following assay: 99.8%, 99.9%, 99.9% (average 
99.9%). The average result obtained by three different analysts, using the 
A.O.A.C. method, was 99.3%. A sample of commercial phenothiazine 
tablets, when analyzed by this method, gave the following assay: 73.5%, 
73.6%, 73.1% (average, 73.4%). The average result obtained by three dif¬ 
ferent analysts, using the A.O.A.C. method, was 73.6%. 

The principle difficulties encountered with the gravimetric method 
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were: 1. The use of an insufficient excess of chloroplatinic acid. 2. The use 
of an insufficient amount of water in the reaction mixture. The precipita¬ 
tion is not quantitative unless the acetone is sufficiently diluted with 
water. The use of an insufficient amount of water results in the formation 
of additional precipitate in the filtrate. 3. The use of a filter lacking suffi¬ 
cient retentiveness. The main objection to the method is that it requires 
the use of chloroplatinic acid, an expensive reagent which must be re¬ 
covered. This is not a serious objection since the platinum can be recov¬ 
ered from the precipitate by ignition. Excess platinum in the filtrate can 
be recovered by evaporation and ignition; however, because of the possi¬ 
bility of contamination from this source, the platinum should be purified 
by dissolving in aqua regia, precipitating ammonium chloroplatinate by 
the addition of ammonium chloride, and igniting the ammonium chloro¬ 
platinate. 

The gravimetric method is a valuable adjunct to the colorimetric 
method described in Methods of Analysis (4). The choice of methods de¬ 
pends largely upon the individual preference of the analyst and the equip¬ 
ment which is available. In the event that interfering substances are 
encountered the analyst can check his results by tfye alternate method. 
Any highly colored substance may interfere to some extent with the 
colorimetric method, and substances which form insoluble complexes 
with chloroplatinic acid (e.g. 9 alkaloids) would be expected to interfere 
with the gravimetric method. 
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THE ANALYSIS OF A SUNBURN 
PREVENTIVE CREAM 

By S. H. Newburger* (Cosmetic Division, U. S. Food and Drug Ad- 
ministratiqn, Federal Security Agency, Washington 25, D. C.) 

The Cosmetic Division of the U. S. Food and Drug Administration 
frequently has occasion to analyze various cosmetic creams. As sunburn 
preventive creams are becoming increasingly popular, it was decided to 
develop a system of analysis for one such cream to serve as a background 
for the investigation of other similar products. 

* Presented at the Annual Meeting of the Association of Official Agricultural Chemists, held at Wash¬ 
ington, D. C., October 14-16, 1046. 
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Hie formula of the cream chosen for this study is approximately that 
given in the “Draft of Proposed Quartermaster Corps Tentative Specifi¬ 
cation JCQD No. 1035, dated 29 June, 1945, for Cream, Sunburn Pre¬ 
ventive,” namely: 

%by 

weight 


Glyceryl monostearate (self emulsifying). 13.0 

Lanolin. 4.7 

Propylene glycol. 4.7 

Titanium dioxide.. 2.5 

Iron oxides—q.s. color 

Methyl para hydroxybensoate. 0.15 

Isobutyl para aminobenzoate. 2.0 

Isopropyl myristate-palmitate. 23.4 

Water—q.s. 100% 


To evaluate the analytical methods for the cream, it was first necessary 
to determine the composition of certain of the materials used in its prep¬ 
aration. This paper is therefore divided into two parts; one dealing with 
the analysis of these materials; and the other, with the analysis of the 
cream itself. 

I. MATERIALS USED IN THE PREPARATION OF THE 
SUNBURN PREVENTIVE CREAM 

1. Lanolin—U. S. P. Anhydrous Lanolin 

2. Titanium dioxide—A technical product 

3. Iron oxides—A technical product 

4. Propylene glycol—A technical product was fractionated at atmos- 

spheric and reduced pressures. The collected fraction assayed 
100% by the periodate method (1). 

5. Methyl para hydroxybenzoate—A technical product melting at 

126-127°C. 

6. Isobutyl para aminobenzoate—A technical product melting at 

63.2-63.8°C (literature (2) 65°C) gave no elevation of the melting 
point on two recrystallizations. This material was assayed and 
used without purification. 

ANALYSIS 

Wells (3) bromometric assay for aminobenzoic acid esters was found applicable 
to the raw material. Proceed as follows: Weigh about 0.15 gm of isobutyl para 
aminobenzoate on a watch glass and wash into a 500 ml iodine flask with 20 ml of 
(1+1) HC1. After solution of the material in the acid, dilute to approximately 200 
ml with water, and add from a buret, with vigorous shaking, 0.1 N potassium bro- 
mate-bromide solution until a slight excess of bromine is evidenced by a light yellow 
color. Stopper the flask and allow to stand for five minutes. Add an excess of potas¬ 
sium iodide solution through the well of the flask, avoiding Iobs of bromine, and ti¬ 
trate the liberated iodine with 0.1 N sodium thiosulfate using starch solution as an 
indicator. 1 ml 0.1 AT potassium bromate-bromide —0.004831 gm of isobutyl para 
aminobenzoate. The average of three determinations on the product was 100 ±0.1 %. 
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Identification .—The dibromo derivative prepared by Wells (3) is not 
very satisfactory because of its low melting point (74-75°C) and difficulty 
of recrystallization. The benzoyl derivative of isobutyl para aminoben- 
zoate may be synthesized as follows: 

Transfer 0.5 gm of isobutyl para aminobenzoate to a small glass stoppered flask 
and add 5 ml of water and 1 ml of benzoyl chloride. Then add 5 ml of 20% sodium 
hydroxide in smaU portions, shaking vigorously after each addition of alkali. Break 
up the coagulated precipitate with a glass rod and allow to stand for several minutes. 
Dilute the mixture with water, Alter through a small Btichner funnel and wash pre¬ 
cipitate thoroughly with water. Reprecipitate product from hot 75% alcohol and 
dry at 100°C. for 20 minutes. The compound crystallizes in fine white crystals. 
M.P. 127.8-128.2°C. (corr.). Theoretical nitrogen 4.71 per cent; found 4.65 per cent. 

7. Isopropyl myristate-palmitate—The “Deltyl E)$tra” grade. 

ANALYSIS 

Saponify samples of about 1.8 gm by the procedure described under the analysis 
of the cream. Determine the unsaponiflable matter, the fatty acids, and the equiva¬ 
lent weight of the fatty acids. After the extraction of the fatty acids Alter the re¬ 
maining aqueous alcoholic solution into a distillation flask, distill, and collect the 
Arst 5-10 ml of liquid. Test the distillate for isopropyl alcohol by the method given 
in U.S.P. XII under “Spiritus Frumenti.” The following results were obtained: 


UnsaponiAable matter. 0.16% 

Fatty acids. 84.5% 

Equivalent weight of fatty acids. 238 

Test for isopropyl alcohol. positive 


8. Glyceryl monostearate (self emulsifying ).—The commercial self- 
emulsifying glyceryl monostearates are mixtures of a number of com¬ 
pounds. They contain free glycerine, mono-, di-, and tri-stearin as well as 
several per cent of the stearic acid soaps. The following analysis gives 
some of the constants of the material that was used. 

ANALYSIS 

Dissolve about 0.9 gm in 50 ml of Chloroform and extract with three 20 ml por¬ 
tions of water acidiAed with a few drops of concentrated HC1. Reserve the chloro¬ 
form solution. Combine the water extracts, wash with two 10 ml portions of chloro¬ 
form and add washings to reserved chloroform solution. Filter the water extract, 
neutralize to methyl red, transfer to 100 ml volumetric flask, dilute to mark with 
water, and mix. Determine glycerine on a suitable aliquot by the periodate method 
(1). The result represents uncombined glycerine. 

Filter the reserved chloroform solution through a cotton plug into a tared dish, 
evaporate the chloroform on the steam bath, dry in a 100°C. oven for 5-10 minutes, 
oool in a vacuum desiccator, and weigh as chloroform soluble material. 

Dissolve the chloroform soluble material in benzene and saponify by the pro¬ 
cedure described under the analysis of the cream. Determine the unsaponiflable 
matter, the fatty acids, the equivalent weight of the fatty acids, and the combined 
glycerine. The value for fatty acids represents both free and combined fatty acids. 
The following results were obtained: 
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Uncombined glycerine. 

Chloroform soluble material. 

Unsaponifiable material. 

Fatty acids. 

(Equivalent weight of fatty acids 
Combined glycerine. 

II. ANALYSIS OF THE SUNBURN PREVENTIVE CREAM 

A cream of the following composition was prepared and analysed: 


% by 
weight 

Glyceryl monostearate (self emulsifying)... 14.04 

Anhydrous lanolin. 5.08 

Propylene glycol. 5.08 

Titanium dioxide. 2.70 

Iron oxides. 2.16 

Methyl para hydroxybcnzoate. 0.16 

Isobutyl para aminobenzoate. 2.15 

Isopropyl myristate-palmitate. 25.22 

Water. 43.41 


Total. 100.00 
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per cent 
11.3 
85.7 
0.71 
76.0 


METHODS OF ANALYSIS 

Total ash ,—Weigh about 0.6 gm. of the cream into a deep 75 ml porcelain cruci¬ 
ble. Evaporate the volatile material under an infra red drying lamp, char and burn 
off most of the carbon with a Meker burner, ash in a muffle oven at 750°C., cool, and 
weigh as total ash. Reserve ash. 

Titanium dioxide .—To the crucible containing the total ash add 4 gm of NajSCh 
and 8 ml of H2SO4, cover the crucible with a watch glass and heat on a hot plate 
until solution is complete. Cool and transfer to 100 ml volumetric flask containing 
25 ml of cold water, cool, dilute to mark with water and mix. Determine the titan¬ 
ium colorimetrically (4) with H* 0 * in a suitable aliquot. 

In this particular study the following procedure was used: To a 50 ml }' diameter 
test tube were added: a 2 ml aliquot of the soln, 7 ml of solvent (20 ml H s SO« and 10 
gm NagSOi diluted to 250 ml with water), and 1 ml of 3% H t Os. After mixing the 
soln, its transmission was measured by means of an Aminco Type “F” Photometer 
with No. 42 filter, and compared with the transmission of standard soins of tita¬ 
nium prepared by treating titanium dioxide in the same manner as the ash of the 
cream. 

Iron oxides .—An approximation of the iron oxides can be obtained by subtract¬ 
ing the titanium dioxide from the total ash. The result for iron oxides will be in 
error by the amount of ash that is not iron oxides or titanium dioxide. This, however, 
should not be greater than 0.1 or 0.2 per cent. 

Propylene glycol and free glycerine .—Weigh about 1.8 gm of the cream into a 50 
ml beaker, add 10 ml of a (1+1) mixture of absolute alcohol and chloroform; heat 
with stirring until mixture boils, and decant through a Gooch crucible using suction. 
Re-extract the residue in the beaker with a 10 ml and then a 5 ml portion of hot 
(1+1) absolute alcohol-chloroform solution, and finally with 15 ml of hot chloro¬ 
form, decanting each time through the Gooch crucible. Discard the residue. Trans¬ 
fer the extract to a separatory funnel with the aid of 25 ml of chloroform, and ex¬ 
tract with a 40 ml aliquot of water acidified with one or two drops of HC1. Continue 
the extraction with a 10 ml and then a 5 ml aliquot of water. (Reserve the chloroform 
solution for the next determination.) Neutralize the combined aqueous extracts to 
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methyl red making the final adjustment with 0.02 N NaOH, filter through a cotton 
plug into a 100 ml volumetric flask, dilute to mark with'water and mix. Transfer a 
45 ml* aliquot into a 100 ml volumetric flask, add 50 ml of 0.04 N KIO4 (0.02 Af), 
dilute to mark with water, mix, and allow to stand for one hour. Pipet 20 ml of the 
oxidized soln into a flask, dilute to 50 ml with water, add about 1 gm NaHCOs 
and 0.2 gm KI, and titrate the liberated iodine with standard 0.04 N arsenite soln 
using starch soln as an indicator. Standardize 10 ml of the 0.04 N KIO* with the 
standard 0.04 N arsenite soln by the same procedure. From the difference in the 
two titrations calculate the amount of periodate required to oxidize the 45 ml aliquot. 
Transfer another 45 ml aliquot into a glass stoppered flask, add the calculated 
amount of periodate plus 1-2 ml in excess, stopper the flask, allow to stand for one 
hour, add another drop of methyl red indicator and titrate to a clear yellow end 
point with 0.02 N NaOH. 

1 ml 0.02 N NaOH «1.84 mg glycerine 
1 ml 0.04 N KIO4“0.92 mg glycerine 
1 ml 0.04 N KI04«1.52 mg propylene glycol. 

Make the following calculations: 

a. Estimate the amount of glycerine from the alkali titration. 

b. Calculate the amount of periodate required to oxidize this amount of glycer¬ 
ine. 

c. Subtract the periodate required to oxidize the glycerine from the total amount 
of periodate that was required to oxidize the 45 ml aliquot and compute the remainder 
as propylene glycol. 

The determination of glycerine by the alkali titration is a modification 
of the method advocated by Shupe (1). Shupe recommends running a 
blank on the KIO4 solution for any acidity that may be present. It was 
observed that the KIO4 solution used was acid to methyl red, and that 
the addition of 0.02 N NaOH 4 caused a slow unsatisfactory end point 
change that never became a clear yellow. On the other hand, KIO3 solu¬ 
tion is acid to methyl red, but gives a sharp change to a clear yellow on the 
addition of 0.02 N NaOH. That the unsatisfactory end point with KIO4 
was probably due to the KIO4 itself was demonstrated in the following 
manner: To a large excess of propylene glycol in aqueous solution were 
added a few drops of methyl red indicator and enough 0.02 N NaOH to 
make the solution a clear yellow. When a solution of KIO4 was added, the 
resulting solution turned red, However, as the periodate became reduced 
to iodate by the excess propylene glycol, the red color faded and the solu¬ 
tion reverted to a yellow color. In the determination of glycerine by 'the 
alkali titration, the use of only a slight excess of periodate thus serves a 
twofold purpose: it eliminates the periodate blank and improves the end 
point. 

Isobutyl para aminobenzoate .—Pass the reserved chloroform soln through four 
separatory funnels containing, respectively, 30, 20, and 10 ml of (1+1) HCl and 10 
ml of water. (Reserve chloroform soln for the next determination.) Combine the 
(1 +1) HCl and water extracts, dilute to about 200 ml with water, and filter through 
a cotton plug into a 500 ml iodine flask. Add 10 ml of 0.1 N potassium bromate- 
bromide soln, stopper the flask, shake well, and allow to stand for several minutes. 


* If SO ml of periodate are insufficient to oxidise the 45 ml aliquot, a smaller aliquot should be used. 
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Drain excess potassium iodide soln into the flask and titrate the liberated iodine 
with 0*1 N sodium thiosulfate using staroh soln as an indicator. One ml 0.1 N po¬ 
tassium bromate-bromide soln—0.004831 gm of isobutyl para aminobensoate. 

(The extraction of isobutyl para aminobenzoate from chloroform was tested by 
dissolving the material in chloroform and following the above procedure. Three 
samples varying in weight from 45 to 142 mg gave an average recovery of 100 
±0.2%. When the sample size was increased to 250 mg., troublesome emulsions 
were encountered.) 

Anhydrous lanolin, glyceryl monostearate, methyl para hydroxybensoate, and iso - 
propyl myristate-palmilate .—Filter the reserved chloroform soln through a cotton 
plug into a tared dish, evaporate the chloroform on the steam bath, dry in a 100°C. 
oven for 5-10 minutes, cool in a vacuum desiccator, and weigh as anhydrous lanolin, 
glyceryl monostearate, methyl para hydroxybenzoate, and isopropyl myristate- 
palmitate. Reserve residues for the lanolin determination. 

Anhydrous lanolin. —Dissolve the above residue in 50 ml of benzene, transfer 
to a flask, add 25 ml of absolute alcohol and 1 gm of KOH, and reflux for 2 hours. 
Transfer the saponified material to a separatory funnel, add 50 ml of hot water, 
shake well, and draw off the aqueous layer. Extract the aqueous soln with two 
more 20 ml portions of hot benzene. (Reserve the aqueous soln for the fatty acid 
determination.) Combine the benzene extracts, wash with several 10 ml portions of 
30% alcohol, and add washings to reserved aqueous soln. Filter the washed benzene 
extract through a cotton plug into a tared dish, evaporate benzene on steam bath, 
dry in a 100°C. oven for 5-10 minutes, cool in a vacuum desiccator, and weigh. 
This weight multiplied by the factor 1.96 approximates the anhydrous lanolin. (On 
a number of samples of anhydrous lanolin, it was observed that the unsaponifiable 
portion was about 51% of the sample.) The result for lanolin will be high if any of 
the other materials contain unsaponifiable matter. 

The weighed material can be checked qualitatively for lanolin by the Liebermann- 
Burchard color test. Dissolve a portion of the material in 10 ml of chloroform and 
add 4 ml of acetic anhydride and several drops of HjSO*. A green color is a positive 
test for lanolin. 

Fatty acids. —Acidify the reserved aqueous soln with HC1 and extract with 
three 20 ml portions of chloroform. (Reserve the acid aqueous soln for the combined 
glycerine determination.) Wash the combined chloroform extracts with several 10 
ml portions of water and add washings to reserved aqueous soln. Filter the washed 
chloroform extract through a cotton plug into a tared beaker, evaporate chloroform 
on a steam bath, dry in 100°C. oven for 5-10 minutes, cool in vacuum desiccator and 
weigh as fatty acids. Reserve fatty acids. 

Equivalent weight of fatty acids. —Dissolve the fatty acids in ethyl alcohol (neu¬ 
tralized to phenolphthalein with alkali), and titrate to the phenolphthalein end 
point with 0.1 N NaOH. Calculate the equivalent weight of the fatty acids. 

Combined glycerine .—Filter the reserved aqueous soln through a cotton plug, 
evaporate to about 25 ml on the steam bath, carefully neutralize to methyl red indi¬ 
cator with alkali and analyze for glycerine by the periodate method (1). 

Water .—Water can be most accurately estimated indirectly. Add the percentages 
of "Total ash,” "Propylene glycol and free glycerine,” "Isobutyl para aminoben¬ 
zoate,” and "Anhydrous lanolin, glyceryl monostearate, methyl para hydroxy- 
benzoate, and isopropyl myristate-palmitate.” Subtract this total from 100% and 
the remainder is the percentage of water. 

(Water can be determined directly by xylene distillation. However, the propylene 
glycol will also distill with the water. The substitution of a lower boiling liquid 
such as heptane does not help. Accordingly the volume corresponding to the 
amount of the previously determined propylene glycol must be subtracted from the 
total volume. Experiment showed that the volumes of propylene glycol and water 
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are additive when mixed in the ratio of 1:11 by weight. The percentage recovery of 
water was about 96%.) 

Qualitative test for methyl para hydroxyhenzoate. —To. about 2 gm of cream in a 
100 ml beaker, add 3 ml of absolute alcohol and 2 drops of concentrated HC1, and 
heat to boiling on a hot plate. Remove beaker from the hot plate, cool, add 50 ml of 
ether with stirring, filter through Gooch crucible with suction, and transfer filtrate 
to Beparatory funnel with 25 ml of ether. Discard residue. Extract ether soln with 
four 25 ml portions of (1 + 1) HCl. Discard (1 + 1) HC1 extract and wash ether soln 
with two 5 ml portions of water. Transfer ether soln to beaker, evaporate ether on 
steam bath, treat residue with 20 ml boiling methanol, stir vigorously, cool, and 
filter. Add 10 ml of water, and one drop of HCl to the methanol soln and extract 
with three 20 ml portions of petroleum ether. Discard the petroleum ether extracts. 
Evaporate methanol soln to a few ml on the steam bath, dilute with 20 ml boiling 
water, cool, transfer to separatory funnel, and extract with three 15 ml portions of 
ether. (This additional extraction removes any remaining HCl which would inhibit 
the development of color in subsequent steps.) Combine the ether extracts and 
wash with 5 ml portions of water until washings are neutral to litmus paper. Evapo¬ 
rate ether on steam bath, take up residue in 20 ml boiling water, transfer to 50 ml 
test tube, cool, add 2 ml of Millon’s reagent* and immerse in a boiling water bath 
for 5 minutes. A rose color indicates the presence of methyl para hydroxyhenzoate. 
(Isobutyl para aminobenzoate also gives a positive test with Millon's reagent and 
must be completely removed by the HCl extraction.) Efforts to modify the above 
procedure to obtain quantitative recoveries were unsuccessful. A recovery of 50% 
was the best that could be obtained. 

The method separating fatty materials from methyl para hydroxyben- 
zoate by the use of petroleum ether and about 60% methanol should be 
generally applicable to a number of cosmetic preparations. 

RESULTS OF ANALYSIS 



Found 

Theoretical 

• 

per cent 

per cent 

Ash 750°C. 

4.98 


Titanium dioxide 

2.71 

2.70 

Iron oxides (by difference) 

2.27 

2.16 

Free glycerine 

1.54 

1.59 

Propylene glycol 

5.17 

5.08 

Isobutyl para aminobenzoate 

2.17 

2.15 

Anhydrous lanolin 

Glyceryl monostearate 

Isopropyl myristate-palmitate 

Methyl para hydroxy benzoate 

42.0 

42.91 

Unsaponifiable matter 

2.71 


Anhydrous lanolin 

5.31 

5.08 

Fatty acids 

34.2 

34.7 

(Equivalent weight of fatty acids 

252.3) 


Combined glycerine 

1.74 

1.78 

Water (by difference) 

44.14 

43.41 

Methyl para hydroxybenzoate 

present 

0.16 


* Millon’s reagent: One part by weight of mercury is dissolved in twice its weight of concentrated nitric 
add with gentle warming. The resulting solution is diluted with twioe its volume of water. 
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In computing the theoretical value for the total percentage of anhy¬ 
drous lanolin, glyceryl monostearate, isopropyl myristate-palmitate, and 
methyl para hydroxybenzoate, the percentage of uncombined glycerine 
in the glyceryl monostearate (1.59%) was not included. 

The theoretical value for the fatty acids was estimated from the analysis 
of the glyceryl monostearate and the isopropyl myristate-palmitate in¬ 
gredients, and from the fact that previous work had indicated that lanolin 
contains approximately 51 per cent of fatty acids. The contribution of 
the hydroxybenxoic acid from its methyl ester was also included in the 
estimate. 

Conclusion .—A detailed analysis has been developed for a “Sunburn 
Preventive Cream.” It is believed that this analysis will serve as a general 
outline for development of procedures for analysis of similar products. 
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NOTE 


A Note on the Adulteration of Shredded Coconut with 
Papaya Stem Tissue 

By William V. Eisenberg (Washington, D. C.) and Robert E. O’ Neill 
(Atlanta, Georgia), U. S. Food and Drug Administration 

Our attention was recently called to the adulteration of desiccated shredded coco¬ 
nut with papaya stalk tissues (Carica papaya L.). The sample of imported shredded 
coconut that was subjected to routine microscopic examination showed the presence 
of tissues that were foreign to the cellular content of shredded coconut. The tissues 
in question consisted of thin-walled rounded parenchymal cells containing occa¬ 
sional rosette crystalline aggregates of calcium oxalate* and xylem reticulate ves- 



Fig. 1.- Shredded coconut adulterated with papaya stem tissues: (a) coconut 
endosperm cells; (b) reticulate vessel from papaya stem xylem. X58. 

sols (Figs. 1 and 2). The calcium oxalate rosettes were usually 45 to 65 microns in 
diameter and the vessels were up to 300 microns for the larger forms. 

None of these elements are found in shredded coconut, which consists almost 
wholly of the isodiametrie and radially elongated cells ol the endosperm, with oily 
contents. Fragments of the spormoderm or outer brown skin of the coconut meat, 
consisting of large elongated cells with porous walls in the outer layer and small 
nonporous cells in the inner layers, are infrequently observed. The presence of the 
vascular vessel elements, and cells with calcium oxalate rosettes, could therefore 
be attributed only to the addition of some adulterant. 

Microscopic comparison of the questionable tissue with the fleshy xylem and pith 
tissues from the stem of Carica papaya showed the two to be identical (Fig. 3). The 
particles of questionable material were fleshy and white, and to the unaided eye 
seemed quite similar to the fragments of shredded coconut. However, under the 
Greenough type microscope at a magnification of about 30 X, the questionable parti¬ 
cles exhibited a yellowish east due to the vascular elements which contrasted with the 
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Fid. 2. —Papaya stein tissue isolated from sample of adulterated shredded coco¬ 
nut.: Reticulate vessels, xylem parenchyma, and crystal cells each containing a 
rosette of calcium oxalate are shown. X75. 



Fid. 3.—Papaya stem xylem tissues shredded from authentic material: 
Reticulate vessels and xylem parenchyma are shown. X58. 


t$$f\ BOOK BBTIBWB 683 

snow white appearance of the coconut. By immersing the material in 60 per cent 
alcohol in a Oat dish and searching under the Greenough microscope, the questionable 
pieces can easily be removed for further examination with the compound microscope. 

The presence of crystal cells containing rosettes of calcium oxalate, and of 
reticulate vessel elements, serves to distinguish readily coconut endosperm tissue 
from papaya stem tissue. Crystal cells are characteristic of the papaya plant gen¬ 
erally, being also found in the fruit tissues. In contrast, the coconut is devoid of 
calcium oxalate rosettes in any part of the fruit, or of the developing embryo. Vessel 
elements are found in parts of the coconut fruit other than the fleshy endosperm. 
However, those from the developing cotyledon in sprouted coconuts are of the spiral 
type, while the straw-like fibrous mesocarp of the coconut fruit which contains reticu¬ 
lated vessels is of such texture and appearance that it cannot be confused with the 
fleshy white endosperm. 


BOOK REVIEWS 

The Control of Insects in Flour Mills. By J. A. Freeman and E. E. Turtle. Pub¬ 
lished by H. M. Stationery Office, London, 1947, 76 pages, index, full page plates 
and text figures. Price $2.35. 

The bulletin covers material similar to that in many publications in this country 
but has several unique features that make it a useful addition to its field, and per¬ 
haps of special interest in cases where control measures must be undertaken on a 
small scale by relatively inexperienced operators. Attention is given to details of 
sanitation, often overlooked by entomologists but which are finding increased at¬ 
tention from regulatory officials, such as bag cleaning, mill hygiene, modern self 
cleaning design, cleaning and sweeping, elimination of unnecessary accumulations 
of grain residues and trash. The section on “life histories and habits” includes an 
introduction of general entomological information, and material on the parasitic 
wasps. 

Aside from being written on a public appeal level, and the sanitation and grain 
pest parasite sections, there is little to recommend this pamphlet at its price over the 
standard works already available more cheaply in this country. 

Kenton L. Harris 

Two Blades of Grass—A History of Scientific Developments in the U. S. Depart¬ 
ment of Agriculture. By T. Swann Harding. University of Oklahoma Press, 
Norman, Okla. (1947) 6X81*, 352 pp. 24 illus. Price $3.50. 

This is a history in the best and most modern sense of the term. When the au¬ 
thor, in his introduction, calls it a popular presentation, he does not mean that it is 
highly dramatized or over-simplified, after the manner of those books which so nau¬ 
seate the scientifically trained reader; it is nothing of the sort. 

The author has had a practically life-long connection with the Department of 
Agriculture, first as a scientist in his own right in the old Bureau of Chemistry and 
later in the Bureau of Animal Industry, second as editor of scientific publications, 
and finally as editor of the departmental house organ, “U.S.D.A.,” with which many 
of our readers are familiar. In the latter capacity he has actually visited virtually 
all of those departmental agencies, both in Washington and in the field, about which 
he writes; he has discussed, at length and with real understanding and sympathy, 
the various projects with those who were actually doing the work; he has delved 
deeply into the historical background of the Department from the feeble begin¬ 
nings in the Patent Office in 1836; he has read the important scientific papers and 



694 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [Vol. SO, $0. 4 

bureau report® of the earlier years; he is thoroughly fomiliaf with the present com* 
plex organization of the Department, with its gradual evolution, and with the way 
its work has been, and is, interwoven with that of other governmental ageneies, 
State and Federal. It is no wonder, therefore, that he has produced a book which 
everyone with either a professional or a cultural interest in Agriculture will wish to 
own. With his easy, informal style and his gift of selection, condensation, and 
synthesis, he has managed to pack more useful, yes, and inspiring, information into 
one volume, than in this reviewer’s opinion, can be found between the covers of any 
other single book on the subject. It is a pleasure to call attention to the index, 
which was prepared by an Agricultural indexer who knew her business. One can 
locate in it, at a glance, all of the important names and projects down through the 
years. Such an index, to this reviewer, adds enormously to the value of a book which 
is literally crammed with useful information, and with references to important 
source material not readily accessible even to the specialist seeking information out¬ 
side of his own familiar field. 

After five brief preliminary chapters which deal with early origins and high 
spots, and which give vignettes of some of the earlier scientists with and for whom 
the author worked, the succeeding chapters deal with cooperative relations with 
the State Experiment Stations, with animal industry, human nutrition and home¬ 
making, soils and their conservation, the dairy industry, agricultural engineering, 
weather, roads, wild life, food and drug administration, and the scientific publica¬ 
tions of the Department. 

In each chapter the author weaves together a number of threads so successfully 
that, in the compass of from a dozen to 3 dozen pages, he has managed to produce 
a firm tapestry. We have a brief account of the important researches, a vivid vig¬ 
nette of the worker himself; a resume of the social and monetary implications of 
the work, and of its interconnection with other studies in or out of agriculture; and 
numerous interesting sidelights which make for unity and perspective. 

Let the scientific reader not be misled by these novel-like chapter titles: these 
are merely “come-ons” to the non-scientific reader! 

The faults of the book are decidedly minor and might not even strike another 
reviewer as faults. The illustrations are excellent and well-chosen, but they could 
have been placed in closer relationship to the text; and there are many places where 
the lowly comma might have been used to advantage in the interest of smooth and 
rapid reading. 

The book has a brief but warmly commendatory foreword by Secretary Clinton 
P. Anderson. Its dedication by the author is worthy of quotation: 

“Dedicated to those sincere, kindly, self-effacing, unavaricious humanitarians of 
highest integrity, the scientists who made the Department of Agriculture great as 
a research institution, and to my colleagues in information work in the various 
agencies of the Department, who so cheerfully and generously helped me to gather 
together the material comprising this book.” 


W. B. Whits 
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termination of DDT in insecticide 
residues and in animal products, 456 
Caskey, C. D., Jr., see Bird, H. R. 
Caustic poisons, changes in methods, 66 
Changes in official and tentative meth¬ 
ods, 1946, 60 

appendix: errata and emendations, 
106 

Chittick, J. Raymond, report on carbon 
dioxide in baking powders, 252 
Chlorides, determination of, in commer¬ 
cial feeding stuffs, paper by Fraps 
and Brown, 370 

Chlorine, residual, in milk, after addi¬ 
tion of hyperchlorite, paper by 
Moreland, 655 

Cinchona bark, quick and simple meth¬ 
od for determination of quinine and 
total alkaloids in, paper by Laus- 
talot and Pagan, 153 
Citric acid, proposal for modification of 
Wagner procedure for, by Macln- 
tire, Hardin, and Meyer, 160 
Clark, G. R. report on cosmetics and 
coal-tar colors, 506 
Clark, Perry B., see Wildman, J. D. 
Clarke, J. O., report of Committee C, 49 
Clifford, P. A., paper, determination of 
DDT, particularly in milk and fats, 


by the Schechter procedure, 337 
Cereal adjuncts, report by Munsey, 213 
Cereal foods, report by Munsey, 243 
report of Committee D, 56 
changes in methods, 71 
iron in enriched spaghetti and en¬ 
riched cornmeal, reported by 
i Munsey, 245 

rye flour in rye bread and in flour mix¬ 
tures, no report, 248 
starch in raw and cooked cereals, no 
report, 248 

fat acidity in grain, flour, corn meal, 
and whole wheat flour, no report, 
248 

sugar in bread and other cereal foods, 
no report, 248 

milk solids and butterfat in bread, re¬ 
port by Munsey, 248 
proteolytic activity of flour, no report, 
248 

soybean flour in foods (immunological 
tests), no report, 248 
phosphated flour, no report, 248 
noodles, no report, 248 
moisture in raisin, fruit, and white 
bread, report f>y Walker, 249 
moisture m self-rising flour, and in 

S ancake, waffle, and doughnut 
ours, no report, 249 
bromates in flour, no report, 249 
apparent viscosity measurement, no 
report, 249 

benzoyl peroxide in flour, no report, 
248 

carbon dioxide in self-rising flour, no 
report, 248 

hydrogen-ion concentration, no re¬ 
port. 248 

Coal-tar colors, see cosmetics and coal- 
tar colors 

Coffee and tea, report by Fisher, 416 
report of Committee C, 49 
changes in methods, 70 
caffeine in coffee extracts, no report, 
417 

Collins, Frank H., note ? portable appa¬ 
ratus for determining sediment in 
' cream, 373 

Coloring matters in foods, report by 
Jablonski, 418 
report of Committee C, 49 
changes in methods, 72 
color determination, beer and wort, 
method, 68 

color and turbidity in sugar products, 
report by Brewster, 290 
Committee A, report by Griffin, 41 
Committee B, report by Wiley, 45 
Committee C, report by Clarke, 49 
Committee D, report by Sale, 53 
Committees, 1 

Committee on revision of methods, re¬ 
port by Fisher, 38 

on definitions of terms and interpreta¬ 
tions of results on fertilizers, re¬ 
port by Walker, 39 



697 


1947 ] INDEX TO VOLUME 60 


on quarts plate standardization and 
normal weight, no report, 39 
on recommendations of referees, re¬ 
port by Reindollar, 40 
on necrology, report by Anderson and 
Thomas, 112 

on nominations, report by Frary, 
Wichmann, and Maclntire, 115 
on resolutions, report by Whittaker 
and Smith, 115 

Condensed buttermilk, sampling and 
analysis of, report by Bergman, 6JU1 
Confectionery, report by Wood, 289 
Control of insects in flour mills, by J. A. 
Freeman and E. E. Turtle, book re¬ 
view by Harris, 693 

Cook, J. W. and A. W. Steers, paper, de¬ 
tection of fecal matter in food prod¬ 
ucts. I. Investigation of the use of 
trypsin and alkaline phosphatase 
activity of feces as a measure of 
contamination, 168 

Copper in foods, determination of, 
by two-color dithizone method, 
paper by C. A. Greenleaf, 144 
Copper sulfate and mercuric acid as 
catalyst in determination of fat in 
fish meal, paper by Potts, Parham, 
and Schaefer, 648 
Corrections, 325, 549 
Cosmetics and coal-tar colors, report by 
Clark, 506 

report of Committee B, 47 
changes in methods, 61 
alkalis in cutical removers, no report, 
507 

cosmetic creams, determination of 
glycerol in vanishing creams, re¬ 
port by Bruening, 507 
cosmetic powders, no report, 512 
cosmetic skin lotions, no report, 512 
deodorants and anti-perspirants, no 
report, 512 

depilatories, no report, 512 
hair dyes and rinses, no report, 512 
hair straighteners, no report, 512 
mascara, eyebrow pencils, and eye 
shadow, no report, 512 
mercury salts in, no report, 512 
moisture in ? no report, 512 
nail cosmetics, no report, 512 
pyrogallol in hair dyes, report by 
Joiner, 512 

changes in methods, 6.1 
resorcinol in hair lotions, report by 
Garfield, 517 
changes in methods, 62 
urea in deodorants, no report, 520 
acetates, carbonates, halides, and sul¬ 
fates in certified coal-tar colors, 
no report, 520 

buffers and solvents in titanium tri¬ 
chloride titrations, no report, 520 
ether extract in coal-tar colors, no re¬ 
port, 520 

halogens in halogenated fluoresceins, 
no report, 520 

identification of certified coal-tar dyes, 


no report, 520 

intermediates in certified coal-tar 
colors, no report, 520 
mixtures of coal-tar colors for drug 
and cosmetic use, no report, 520 
lakes and pigments—D&C Red No. 

8, report by Freeman, 520 
spectrophotometric testing of coal-tar 
colors: D&C Red Nos. 35 and 
36, report by Sclar, 522 
subsidiary dyes in D&C colors, no re¬ 
port, 529 

Crop Protection Institute, National Re¬ 
search Council, report of represen¬ 
tatives on, by Patterson and Mac¬ 
lntire, 109 

Crude fat or ether extract, report by 
Taylor, 597 

Crude fiber, report by Hunter, 608 

Curl, A. Lawrence, paper, comparison of 
several types of apparatus devised 
for determination of volatile oil in 
citrus juices, 567 

Dairy products, report by Frary, 418 
report of Committee C, 50 
changes in methods, 72 
pasteurization of milk and cream, no 
report, 420 

ash in milk and evaporated milk, no 
report, 420 

sampling, fat, and moisture in cheese, 
report by Horwitz. 421 
frozen desserts, report by Hart, 422 
chlorine in milk, no report, 422 
acidity of milk, no report, 422 
preparation of butter samples, no re¬ 
port, 422 

pasteurization of; the phosphatase 
test in examination of hard 
cheese, report by Gilcreas, 422 
pasteurization test for soft cheeses, 
report by Horwitz, 430 
reconstituted milk, tests for, report 
by King, 436 

gelatine and other stabilizers in frozen 
desserts, report of Committee C, 
50 

ice cream and frozen desserts, report 
of Committee C, 50 
sour serum test, report of Committee 
C, 50 

Davis, R. O. E., obituary on Ross, No. 3, 
xii 

DDT, by total chlorine, changes in 
methods, 64 

determination of, particularly in milk 
and fats, by Schechter procedure, 
paper by Clifford, 337 
recovery of, from canned foods and its 
stability during processing, paper 
by Tressler, 140 

spray-residue deposits, ratio of labile 
chlorine to total chlorine, paper 
by Fahey and Rusk, 349 
methods for determination of, in in¬ 
secticide residues and in animal 
products, report by Carter, 456 
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Deal, E. C. ; report on thiocyanate solu¬ 
tions, 490 

Decomposition in foods, no report, 442 
report of Committee C, 51 
Dextrose and invert sugar, Zerban and 
Martin table of refractive indices, 77 
Dextrose and levulose, determination of, 
in cane products containing un- 
fermentable reducing substances, 
paper by Zerban and Erb, 585 
Disinfectants, no report, 824 
report of Committee A, 43 
Distilled liquors, report oi Committee D, 
55 

changes in methods, 70 
Dithizone method, application of, to the 
determination ot lead in coal-tar 
colors, paper by Ettlestein, 552 
Donovan, C. G., report on fluorine com¬ 
pounds, 312 

Drucker, M., report on quinine ethyl 
carbonate in tablet mixtures, 464 
Drug bioassays, no report, 488 
report of Committee B, 47 
Drugs, report of Committee B, 45 
changes in methods, 86 
Drugs, vegetable, and their derivatives, 
report by Jorgensen, 463 
report of Committee B, 45 
changes in methods, 86 
chemical methods for ergot alkaloids, 
no report, 464 

physostigmine in ointments, no re¬ 
port, 464 

quinine ethyl carbonate in tablet mix¬ 
tures, report by Drucker, 464 
theobromine and phenobarbital, no 
report, 466 

prostigmine, report by Me Nall, 466 
aminopyrine and phenobarbital, no 
report, 467 

quinine, no report, 467 
ephedrine, report by Welsh, 467 
spirit of camphor, no report, 473 
Drugs, synthetic, report by Warren, 473 
report of Committee B, 46 
changes in methods, 86 
phenothiazine, no report, 476 
plasmochin, report by Sinton, 476 
report of Committee B, 46 
8-hydroxy quinoline sulfate, no re¬ 
port, 478 

methylene blue, no report, 478 
metrazol, report by Warren, 478 
sulfanilamide derivatives, no report, 

479 

phenolphthalein in presence of bile 
salts, report by Hyatt, 479 
atabrine (chinacrin), no report, 480 
demerol, no report, 480 
propadrme hydrochloride, no report, 

480 

carbromal, no report, 480 
dihydrocoaeinone, no report, 480 
butacaine sulfate, no report, 480 
spectrophotometric methods, no re¬ 
port, 480 


Drugs, miscellaneous, report by Schur- 
man, 481 

report of Committee B, 46 
changes in methods, 86 
microohemical tests for alkaloids and 
synthetics, no report, 482 
mercury compounds (ethanolomine 
methods), no report, 482 
separation of bromides, chlorides, and 
iodides, no report, 482 
organic iodides, no report, 482. 
compound ointment of benzoic acid, 
no report, 482 

alkali metals, in drugs, report by 
Woodfin, 482 

glycols and related products, report 
by Isacoff, 484 

preservatives and baoteriostatic 
agents in ampul solutions, report 
by Jones, 486 

phosphorus, calcium, and iron in vita¬ 
min preparations, no report, 488 
effervescent antipyrine with caffeine, 
no report, 488 

Duggan, R. E., report on standardiza¬ 
tion of potassium permanganate 
solutions, 499 


Editorial Board, report by Lepper, 37 
Editorial Committee, The Journal, re¬ 
port by White, 37 

Eggs and egg products, no report, 437 
report of Committee C, 50 
changes in methods, 72 
Eisenberg, Wm. V., report on micro- 
analytical methods for extraneous 
materials in drugs, spices, and mis¬ 
cellaneous products, 439 
and John B. Wilson 
cation of monoha 
acetic acids as hi 
and Robert E. O'Neill, note on the 
adulteration of shredded coconut 
with papaya stem tissue, 691 
Elmore, John W., report on rodenticides, 

Eng, Edith, see St. John, J. L. 

Enzymes, changes in methods, 63 
Erb, Carl, see Zerban, F. W. 

Errata and emendations, 1945, 106 
Ether extract, crude fat in, report by 
Taylor, 597 

Ettlestein, Nathan, paper, application 
of the dithizone method for the de¬ 
termination of lead in coal-tar 
colors, 552 

Evans, C. A., and J. S. McHargue, re¬ 
port on boron in soils, 308 
Extractives from Northwestern Woods, 
Bulletin No. 9, book review by 
Sale, 209 

Extraneous materials, in foods and 
drugs, microanalytical methods for, 
report by Wildman, 438 
changes in methods, 89 


. paper, identifi- 
logen substituted 
mum salts. 563 
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in drugs, spices, and miscellaneous 
products, report by Eisenberg, 
430 

in dairy products, no report, 440 
in nut products and confectionery, re¬ 
port by Helsel, 440 
in canned roods, cereal products, and 
e£gs, no report, 441 
in fruit products and beverage mate¬ 
rials, report by F. Allen Hodges, 
441 

in vegetable products, report by 
Smith, 441 

Fahey, Jack E., and Harold W. Rusk, 
paper, ratio of labile chlorine to 
total chlorine in DDT spray- 
residue deposits in southern Indi¬ 
ana apple orchards, 349 

Fat in fish meal, report by Stansby, 595 

Fecal matter, detection of, in food prod¬ 
ucts; I. Investigation of the use of 
trypsin and alkaline phosphatase 
. activity of feces as a measure of 
contamination, paper by Cook and 
Steers, 168 

Feeding stuffs, report by Walker, 594 
report of Committee A, 41 
sampling, no report, 594 
mineral mixed feeds (calcium and io¬ 
dine) no report, 594 
lactose in mixed feeds, no report, 594 
fat in fish meal, report by Stansby, 595 
condensed milk products, adultera¬ 
tion of, no report. 597 
fat in cooked animal feeds containing 
cereals, no report, 597 
crude fat or ether extract, report by 
Taylor, 597 

yeast activity, testing of, report by 
Schaefer, 599 

microscopic examination, no report, 
605 

fluorine, no report, 605 
mineral constituents of mixed feeds, 
report by St. John and Eng, 606 
crude fiber, report by Hunter, 608 
protein evaluation in fish and animal 
products, report by Kokoski, 609 
sampling ana analysis of condensed 
buttermilk, report by Bergman, 
613 

Fertilizers, report by Fraps, 226 
report of Committee A, 41 
changes in methods, 60 
phosphoric acid: neutral ammonium 
citrate and two per cent citric 
acid solutions as solvents for 
alpha phosphate, report by 
Jacob et al , 529 

nitrogen, report by Prince, 228 
magnesium and manganese, no re¬ 
port, 235 

acid and base-forming quality, no re¬ 
port, 235 

potash and platinum recovery meth¬ 
ods, report by Ford, 236 


calcium and sulfur, no report, 243 
copper and zinc, no report, 243 
boron, no report; see under'“Soils” 
determination of moisture in, report 
by Ross and Love, 617 
determination of phosphoric acid in 
presence of organic matter, paper 
by Allen and Gault. 135 
Fill of container methods, for foods, 
drugs, and cosmetics, no report, 
416 

report of Committee C, 49 
Fish and other marine products, report 
by Allison, 442 
report of Committee C, 51 
changes in methods, 72 
ether extract, report by Voth, 443 
Fisher, H. J., report on coffee and tea, 
416 

report of Committee on Revision of 
Methods of Analysis, 38 
book reviews, 591 

Fitelson, J., report on oils, fats, and 
waxes, 489 

report on olive oil, 490 
Flavors and non-alcoholic beverages, re¬ 
port by Wilson, 593 
report oi Committee D, 58 
changes in methods, 72 
beta-ionone, no report, 593 
lemon oils and extracts, no report, 593 
organic solvents in flavors, no report, 
593 

glycerol, vanillin, and coumarin, in 
vanilla and imitation vanillas, 
no report, 593 

emulsion flavors, no report, 593 
maple flavor concentrates and imita¬ 
tions, no report, 593 
diacetyl, no report, 593 
Fleck, Elmer E., report on methods for 
analysis of DDT, and insecticidal 
preparations containing DDT, 319 
Fleming, J. C., see Sandstedt, R. M. 
Fluorine compounds, report by Dono¬ 
van, 312 

Foods, extraneous materials in, report 
by Wildman, 438 
changes in methods, 89 
Ford, O. W., report on potash, 236 
Francis, Phillip S., paper, improvement 
of the Steenbock rachitogenic diet 
by a supplement of lysine, 364 
Fraps, G. S., report on fertilizers, 226 
paper, determination of chlorides in 
commercial feeding stuffs, 370 
Frary, Guy G., report on dairy products, 
418 

report of Committee on Nominations, 
115 

see also , Mitchell, D. J. 

Freeman, J. A., and E. E. Turtle, “The 
Control of Insects in Flour Mills,” 
book review by Harris, 693 
Freeman, Kenneth A., report on lakes 
and pigments—I. D&C Red No. 8, 
520 



700 ASSOCIATION OF OFFICIAL AGRICULTURAL CHEMISTS [FoL SO, No. 4 


Frozen pack fruit, method for sampling, 
72 

Frozen vegetables, catalase in, method, 
76 

Fruits and fruit products, report by 
Osborn, 259 

report of Committee D, 58 
changes in methods, 72 
water-insoluble solids of, report by 
Osborn, 260 

titration of acids, report by Bollinger, 
266 

sodium and chlorides, no report, 266 
polariscopic methods, no report, 266 
fruit acids, no report, 274 
phosphoric acid, no report, 274 
potassium, no report, 274 
sampling cold pack fruit, report by 


Garfield, Frederick M., report on starch 
in prepared mustard and mustard 
flour, 446 

report on resorcinol in hair lotions, 517 

Gault, Lelah, see Allen, H. R. 

Gelatine, dessert preparations, and 
mixes, report by Rowe, 442 
report of Committee C, 51 
changes in methods, 66 
starch, sugar, and jelly strength, no 
report, 442 

Gilcreas. F. W., report on pasteurization 
of dairy products, 422 

Glass electrode assembly for soil pH de¬ 
termination, paper by Schollen- 
berger, 556 

Glycerol, in presence of propylene and 
ethylene glycols, estimation of, pa¬ 
per by Newburger and Bruening, 
651 

Graham, J. J. T., report on insecticides 
and fungicides, 311 

Grain and stock feeds, changes in meth¬ 
ods, 73 

Greenleaf, C. A., paper, determination of 
copper in foods by a two-color 
dithizone method, 144 

Griffin, E. L., report of Committee A, 41 

Gums in foods, report by Hart, 443 
report of Committee C, 51 
soft curd cheeBe. no report, 444 
mayonnaise and French dressing, no 
report, 444 

frozen desserts, no report, 444 
starchy foods, no report, 444 
jams, beverages bases, and fruit 
products, no report, 444 
cacao products, no report, 444 


Hardesty, John (X, Colin W. Whittaker, 
and William H. Ross, paper, air¬ 
flow method for determination of 
moisture in fertilizers, 640 
Hardesty, John O., see also Ross, Wil¬ 
liam H. 


Handbook of analytical methods for 
soy beans and soybean products, 
by National Soybean Processors, 
Association, book review by Mun- 
sey, 379 

Hardin, L. J., see Maclntire, W. H. 

Harris, Kenton L., book review* 693 

Hart, F. Leslie, report on gums in foods, 
443 

Hodges, F. A., report on microanalytical 
methods for extraneous materials in 
fruit products and beverage mate¬ 
rials, 441 

Haywood, J. W,, see Bird, H. R. 

Heller, Dorothy M., report on starch in 
mayonnaise ana salad dressing, 450 

Hillig, Fred., paper, determination of 
water-insoluble ratty acids in cream 
and butter, 575 

Honey and honeydew honey, report by 
Walton, 284 

Hops, report by Rabak, 213 

Horwitz, William, report on sampling fat 
and moisture in cheese, 421 
pasteurization test for soft cheeses, 
430 

Hunter, J. E., see Bird, H. R. 

Hunter, William H., report on crude 
fiber, 608 

Hyatt, Rupert, report on phenolphthal- 
ein in presence oi bile salt, 4/9 

8-hydroxyquinoline sulfate, methods, 


Insecticides and fungicides, report by 
Graham, 311 

report of Committee A, 41 
changes in methods, 63 
fluorine compounds, report by Dono¬ 
van. 312 

rodenticides, report by Elmore, 312 
nicotine and nornicotine, report by 
Bowen, 315 

DDT and insecticidal preparations, 
methods of analysis, report by 
# Fleck, 319 

Iron in enriched spaghetti and enriched 
cornmeal, report by Munsey, 245 
in flour and bread, method, 71 

Isacoff. Harry, report on glycols and 
related products, 484 

Ishler, N. H., Katherine Sloman, and 
Mary E. Walker, paper, micro¬ 
chemical spot test for mammalian 
urine contamination on fabrics, 670 

Jablonski, C. F., report on coloring mat¬ 
ter in foods, 418 

Jacob, K. D., report on phosphoric acid: 
neutral ammonium citrate and two- 
per cent citric acid solutions as 
solvents for alpha phosphate, 529 

Joiner, Curtis R., report on pyrogallol 
in hair dyes, 512 

Jones. Charles N., report on preserva¬ 
tives and bacteriostatic agents in 
ampul solutions, 486 
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Jones, Elva L., me Benne, Erwin J. 
Jonas-Robertson method for determina¬ 
tion of nitrate-nitrogen in fertilizers, 
suggested modification of, note by 
Wyatt, 207 

Jorgensen, P. S., report on vegetable 
drugs and their derivatives, 463 

Kemmerer, A. R., report on riboflavin 
(microbiological), 391 
Kennedy, G. H., see Waddell, J. 

Kersten, G., report on unsaponifiable 
matter, 489 

King, W. H., report on tests for recon¬ 
stituted milk, 436 

Klein, A. K., report on cadmium, 455 
Kokoski, Frank J., report on protein 
evaluation in fish and animal prod¬ 
ucts, 609 

Labile chlorine, ratio of, to total chlorine 
in DDT spray-residue deposits in 
* southern Indiana apple orchards, 
paper by Fahey and Husk, 349 
Lacktman, N., paper, plant control 
methods for determining moisture 
and reducing sugars after acid 
hydrolysis in grains and other 
starchy materials, 326 
Laufer, Stephen, report on brewing 
sugars and sirups, wort, spent 
grains, and yeast, 214 
Laustalot, Arnaud J.. and Caleb Pagan, 
paper, quick and simple method for 
determination of quinine and total 
alkaloids in cinchona bark, 153 
Lead in coal-tar colors, application of 
dithizone method to the determina¬ 
tion of, paper by Ettlestein, 552 
Leathers and tanning materials, no re¬ 
port, 324 

report of Committee A, 43 
changes in methods, 66 
Lecithin in cacao products, report by 
Bornmann, 281 

Lepper, Henry A., report of Editorial 
Board. 37 

report of Secretary-Treasurer, 110 
Liming materials, report by Shaw, 295 
Line weaver, Hans, and Herman J. 
Morris. report on catalase in frozen 
vegetables, 413 

Love, Katharine, see Ross, William H. 
Loy, Henry W., Jr., report on riboflavin, 
(chemical), 392 

Machinery slime in canning factories, 
some examples of the occurrence of, 
paper by Wildman and Clark, 582 
Maclntire, W. H. report of Committee 
on Nominations, 115 
report on soils ana liming materials, 
294 

report of Representatives on Board of 
Governors of Crop Protection In¬ 
stitute of National Research 
Council, 109 


Maclntire, W. H., L. J. Hardin, and 
T. A. Meyer, paper, proposal for 
modification of Wagner procedure 
and its adaptation for PiO» “avail¬ 
ability” of fused tertiary phos¬ 
phates, 160 

Malt, report by Rask, 212 
Malt beverages, sirups, and extracts, 
and brewing materials, changes in 
methods, 67 

Manola, Gloria D., see Benne, Erwin J. 
Manov, George C., report on buffer solu¬ 
tions, 500 

McCarthy, W. J., report on benzoates 
and esters of benzoic acid, 492 
McDonald, Emma J., and Anne L* 
Turcotte, paper, further studies on 
Ofner’s method for the determina¬ 
tion of invert sugar, 124 
McGeorge, W. T., report on hydrogen- 
ion concentration of soils of semi- 
arid regions, 307 

McHargue, J. S., see Evans, C. A. 
McNall, F. J., report on prostigmine, 
466 

Meats and meat products, no report, 444 
report of Committee C, 51 
changes in methods, 73 
dried skim milk in meat products, no 
report, 444 

soybean flour in meat products, no re¬ 
port, 444 

Members and visitors present, 1946 
meeting, 18 

Metals, other elements, and residues in 
foods, report by Wichmann, 451 
report of Committee C, 51 
cadmium, report by Klein, 455 
copper, no report, 456 
zinc, no report, 456 
fluorine, no report, 456 
mercury, no report, 456 
DDT in animal products, report by 
Carter, 456 

Copper in foods, determination of, by 
two-color dithizone method, 
paper by Greenleaf, 144 
Meyer, T. A., see Maclntire, W. H. 
Microanalytical methods for extraneous 
materials in foods and drugs, report 
by Wildman, 438 
report of Committee C, 50 
Microbiological methods, no report, 488 
report of Committee C, 52 
changes in methods, 89 
Microchemical methods, no report, 488 
report of Committee C, 52 
changes in methods, 89 
Milk, reconstituted, report on tests for, 
by King, 436 

Milk, titratable acidity, determination 
of, paper by Zilliox, Mitchell, and 
Frary, 130 

Milk solids, and butterfat in bread, re¬ 
port by Munsey, 248 
Miller, E. J., report on plants, 253 
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Miller. Byron S., paper, a critical study 
of the modified Ayre-Anderson 
method for the determination of 
proteolytic activity, 659 
Mills, Paul A., report on sampling cold 
pack fruit, 274 

Mineral constituents of mixed feeds, re¬ 
port by St. John and Eng, 606 
Mitchell, JD. J., see Zilliox, E. H. 

Mix, Anna E.. report on waters, brine, 
and salt, 311 

Mixed feeds, mineral constituents of, re¬ 
port by St. John and Eng, 606 
Moisture in fertilizers, determination of, 
report by Ross and Love, 617 
Moisture in fertilizers, air-flow method 
for determination of, paper by 
Hardesty, Whittaker, and Ross, 640 
Moisture in raisin, fruit, and white 
bread, report by Walker, 249 
Monochloroacetic acid in foods, report 
by Wilson, 495 

Monohalogen substituted acetic acids, 
identification of, as barium salts, 
paper by Eisenberg and Wilson, 563 
Moreland, Ferrin B., paper, residual 
chlorine in milk after addition of 
hypochlorite, 655 

Munsey, V. E., paper, determination of 
soybean flour in cereal products, 
187 , 

report on cereal adjuncts, 213 
report on cereal foods, 243 
report on iron in enriched spaghetti 
and enriched corn meal, 245 
report on milk solids and butterfat, 
248 

report on baking powders, 251 
book review, “Handbook of analytical 
methods for soybeans and soy¬ 
bean products,” 379 
book review “Wood yeast for animal 
food,” 379 

National Formulary, Eighth Edition, by 
Committee on National Formulary, 
book review by Fisher, 591 
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hydrogen-ion concentration of, in 
semiarid regions, report by Mc- 
George, 307 

borin in, report by Evans and Mc- 
Hargue, 308 

zinc in, report by Rogers, 310 
exchangeable calcium and magnesium 
in, no report, 310 

exchangeable hydrogen in, no report 
310 

Soil pH, a glass electrode assembly for 
determination of, paper by Schol¬ 
lenberger, 555 

Soybean flour, determination of, in 
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drying methods, no report, 284 
densimetric and refractometrie meth¬ 
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Dept, of Agriculture, by T, Swann 
Harding, book review by White, 693 
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